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THE COMPOSITION OF SOME COASTAL PASTURES IN 
NEW SOUTH WALES AND ITS RELATIONSHIP TO MILK 
PRODUCTION 


Part II. RELATIONSHIP OF PASTURE COMPOSITION TO 
MILK PRODUCTION 


E. G. HALLSWORTH anp G. J. CLOWES 


THE composition and seasonal changes described in Part I may also 
be considered in the light of published data for the nutritive require- 
ments of dairy cattle, and in relation to milk production. The milk- 
ing herd received a little supplementary food as silage and grazing 
oats during the winter months. For the last part of the period a 
group of 16 cows was maintained without any supplementary feeding 
at all. ‘The changes in the yield of this group followed closely those of 
the rest of the herd, so that most of the following discussion will be 
limited to the average yield of the herd as a whole. 

From the figures already given, it appears that the carotene-content 
of the pastures is adequate, since the different pasture types supplement 
each other to some extent. Kuhlman and Gallup [1] found that Jersey 
cows need 4:5 mg. of carotene per 100 lb. body-weight per day for suc- 
cessful conception and reproduction, although for beef animals lower 
levels have been found satisfactory. The cattle grazing these pastures 
were Jerseys, of about 800 lb. live-weight. For such animals the carotene- 
intake recommended [2] is 48 mg. per day, with 78 mg. per day during the 
last 6 to 8 weeks of pregnancy. ‘Tables 2-5 (Pt. I, pp. 62-6) show that the 
pastures for most of the year provided an excess. The natural, improved, 
and sown pastures were at their lowest in December, when the sown 

asture contained only a trace of carotene, and levels of 28-7 p.p.m. 
br 59 mg./Ib.) and 25-3 p.p.m. (14-0 mg./lb.) were found in the improved 
and natural pastures respectively. Consequently it would require the 
consumption of grass equivalent to only slightly more than 3 |b. of dry 
matter from either of these pastures to meet the ordinary requirement 
of 48 mg. per day, or of 54 lb. to supply the higher requirements at the 
later stages of gestation. At this period the paspalum was not at its 
lowest level, though not at its best, and contained 104-9 p.p.m. Hence 
only 1 lb. of pas Jon (dry matter) would be required to supply the daily 
requirements of carotene. Moreover, the ability of the animal body to 
store carotene and vitamin A would allow storage from the normally 
abundant supplies to carry over such periods as December 1944, even 
were the cattle grazing only on the sown pasture. 

_ The protein of pasture herbage has commonly been held to indicate 
Its nutritive value, and has been generally shown to be closely related 
to the rate of growth. Thus Du Toit [3] suggested that for cattle on the 
South African veldt, the pasture must contain more than 7 per cent. 
protein for normal growth and development, and that less than 4-5 per 
cent. was below normal requirements. MacMillan et al. [4], studying a 
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typical ‘Plains’ pasture in North America, found that pastures contain- 
ing 13 per cent. protein gave satisfactory, but those containing 8 per cent. 
protein gave low live-weight gains. When the protein-content of the 
diet rises above . cent. Crampton [5] considered that the excess 
is used as energy. This is supported by the results of Harrison et al. [6], 
who showed that feeding rations containing 16, 20, and 24 per cent. 
— to dairy cows was without significant effect on milk production. 

uring the period under consideration, the percentage of protein of the 
natura — fluctuated between 6 and 14, that of the improved 
pasture between 8 and 15, that of the sown pasture between 9-8 and 
21, and that of the paspalum between 9-4 and 16-3 per cent. The average 
milk production per cow per week has been calculated from the Estate 
records, and is shown, together with the protein-contents of the natural 
pasture and the paspalum, and the rainfall figures, on the accompanying 
graph (Fig. 1). 

oo close agreement between the milk production and the protein- 
content of the pastures could not be expected, since not only was the 
average stage of the lactation changing at different times of the year, but 
for most of the period, i.e. April to December 1944, the cattle grazed the 
four types of pasture almost at will. It can be seen that the rise in the 
protein-content to the May sample that followed the rains in the previous 
fortnight, was in turn followed by a rise of about 2 gal. per head per 
week in milk production. Thereafter milk production remained fairly 
constant until the end of July, in spite of a fall in the protein-content of 
the natural and improved pastures and the paspalum. From July on- 
wards, the weekly milk production rose fairly regularly to its maximum 
of 14 gal. in mid-November. During this period paspalum showed a 
marked increase in its protein-content, rising to its highest level of 
16:26 per cent. at the October sampling. ‘The improved pasture also 
gave a slight increase, but the natural and the sown pastures both 
declined. At the October sampling, both the natural and improved hill 

astures were at the peak of spring growth, and although they showed 
ittle change in composition from the July sample, there was a cbnsider- 
able increase in the quantity of herbage. Hence this peak in milk 
production occurred when the herd had access to the paspalum (green 
and growing vigorously, containing over 16 per cent. protein), to sown 
pasture (consisting largely of subterranean clover of 17 per cent. protein), 
and relatively plentiful supplies of the herbage of natural and improved 
hill pastures at 9°56 and 12-18 per cent. protein respectively. It is note- 
worthy that this change in quality and quantity of feed was accompanied 
by hardly any useful rain, less that 1 in. having fallen between the July 
and October samplings, of which three-quarters fell in the week ending 
August 13. The increased growth of the spring must apparently be sup- 
ported by the soil (and sub-soil) moisture derived from rains received 
the previous autumn. 

In addition to feed changes, there was also a change in the average 
stage of the lactation. Thus in August, 29 cows calved and 12 dried off; 
in September 19 calved and 12 dried off; in October 18 calved and 12 
dried off. Milk production continued almost constant throughout 
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October but rose again slightly to mid-November although the level of 
protein fell slightly during this interval. 

The level of protein continued to fall to the next sampling date in 
December, and the decline probably continued until the onset of some 
rain in the second week in January. Such a decline is also indicated by 
the milk-production figures, which reached their lowest level since July 
in the week ending January 14. The heavy rains that fell during this 
and the subsequent week had already been followed by a rise in milk 

roduction by the time the January sample was collected. This sample 
(" Tables = Pt. I) showed a marked rise in protein-content in all 
pastures. ‘The milk production continued to rise, reaching a peak during 
the week ending February 4, or a fortnight after the January sampling. 
This rise, which amounted to 1} gal. per head per week, is rather striking 
since the herd was in general well into the declining phase of the lacta- 
tion. This effect was even more marked with the unsupplemented 
group, although of this group three-quarters had dried off by the end of 
April. From the February peak the yield declined progressively for the 
rest of the time considered here. There was an accompanying decline 
in the protein-content of all pasture types to the sample collected on 
February 20, but for the last part of the period it either remained virtually 
constant or increased slightly to the April sample. ‘The sown pasture, 
which had risen to 21-9 per cent. protein in January, was at this stage 
having no effect on milk production since it had been shut up from 
grazing since early January. 

The samples of grass collected were too small to allow digestibility 
studies to be undertaken. To enable an estimate of the digestible protein 
and starch equivalent of the pastures on the different sampling dates, 
use has been made of the statistical relationships found to hold between 
digestibility, starch equivalent, and crude fibre, for a series of pasture 
samples." 

The regression equations found to hold were: 


Starch equivalent = 95-11 — 1-63 x % crude fibre, for which r = —o-89 
and p <o-oor and 
Digestibility = 90-63 —0-67 x % crude fibre. 


By means of these equations it was possible to calculate the starch 
equivalent and the digestible protein that would be supplied per Ib. of 
dry matter from the natural pasture, the sown pasture, and the paspalum 
at each sampling date. Quantitative evaluation of the pasture could then 
be taken a stage further by using the milk produced as a measure of the 
quantity of pasture consumed. 

To do this, a measure of the milk production per cow at the time of 
drawing the pasture sample was obtained from the figures for the total 
milk produced in a two-week period during which the sample was taken. 
This was divided by the number of cows milked during the period. The 
date of sampling fixed one week, and the second week taken was the one 
immediately after or immediately before, depending on the incidence of 
rainfall, and selecting always the week in which it appeared that the 
® Details of this study will be published elsewhere. 
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composition of the pastures would most clearly resemble that of the 
sample taken. From this, by the use of commonly accepted standards, 
the nutrients required for maintenance and the actual milk produc- 
tion can be obtained. These figures have been converted into the 
quantities of herbage that would need to be consumed per day for the 
paspalum and the natural pasture, assuming that energy, digestible 
protein, and phosphorus in turn were limiting production (Table 1). 


TABLE 1. Quantity of Herbage (D.M.) Consumed to supply the Nutrients 
Required for the Observed Milk Production 


Quantity of herbage needed from: 


Nutrients required for 


actual milk production Natural pasture Paspalum 
Starch Dig. Starch Dig. | Starch Dig. 
equiv. | protein | P.O; equiv. | protein | P.O; equiv. | protein | 
Date 1b. 1b. lb. lb. lb. 1b. 1b. Ib. lb. 
25.5-44 7°95 | 096 | 0-072 | 14:0 9°4 25°9 13°7 10°93 23°2 
24.60.44 8-73 1°09 18-2 19°5 11°6 21°6 


6.10.44 10°65 1°40 19°7 19°7 30°5 17°4 18°9 


10.11.44 11°21 1°49 22°6 30°0 18°5 13°6 
11.12.44 9°94 1°28 0°096 18-9 25°7 17°42 17°4 30°0 
231.45 9°13 eis 


19°7 33°3 20°9 16:0 25'0 
o-o81 13°8 25°5 14°6 


20.2.45 10°28 1°34 
20.4.45 8-87 


| 
28.7.44 9°19 1°16 15°8 28-0 14'9 25'0 


18-0 17°5 20°9 12°6 15°6 


These calculations show that the starch equivalent and digestible pro- 
tein required for the milk produced could have been obtained usually 
from a daily dry-matter intake of considerably less than the 25 lb. 
usually considered to be the capacity of an 800-lb. cow. 

Thus in January 1945, when the cattle were no longer grazing the 
sown pasture or the improved pasture, the necessary supply of phosphorus 
could be obtained from smaller quantities of the herbage from either the 
natural pasture or paspalum than would have been necessary to suppl 
the energy requirement for maintenance and the production of 1-6 gal. 
per head. The necessary protein would have been supplied by even 
smaller quantities. On this occasion, consequently, it seems most prob- 
able that the low milk production found is due, in part at least, to a low 
food-intake. 

Strict comparison with the position in December 1944 is complicated 
by the fact that in December the animals were also grazing the sown and 
the improved pastures. Neglecting for the moment the phosphorus, 
the outstanding features of the pastures in December were the low 
protein-content, particularly in the natural pasture, and the very poor 
gain in rate of growth, which was complete for the subterranean clover of 
the improved and sown pastures and was manifest also by the low levels 
recorded for carotene-content. By reference to Table 1, it can be seen 
that had the stock been restricted to the same two pastures as they were 
in January, then to obtain the necessary nutrients for the milk produced 
the amount of herbage consumed in December would probably need to 
have been greater than in January. Since the cattle had access to both 
sown and improved pastures also, during December, these would also 
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contribute to the diet. It is clearly impossible under such conditions to 
determine the contribution of each pasture type, but assuming for the 
ap 04 of illustration that equal quantities of nutrients were supplied 

y each pasture type, some idea of the amount of herbage required can 
be obtained. Such assumption would certainly not involve any under- 
estimate of the contribution from the improved and sown pastures, and 
would consequently give the minimum rather than the maximum 
quantity of herbage required. From Table 1 it appears that in December 
protein would be more limiting than energy for the natural pasture, 
whilst for paspalum they would be supplied in equivalent quantities. 
The paspalum, the sown pasture, and the improved pasture all con- 
sined on the same protein-content, and consequently it may be 
assumed that approximately the same quantity of each of them would 
supply the protein-requirement of the milk produced (i.e. 17-4 Ib.) 
if each pasture was grazed separately. From the natural pasture 
alone, 25-7 lb. would be required. The minimum consumption of 
herbage would thus appear to be }17-4 plus }x25-7 = 19-45 |b. 
This would be the same as the herbage necessary for the January milk 
production, for which energy-intake is limiting, assuming again equal 
contribution from the two pasture types grazed on this date, namely, 
$x (18-0+20-9) = 19°45 lb. 

Since the quantity of herbage eaten in December was probably at its 
lowest for the whole year, it might be assumed that consumption of 
herbage was never less than, say, 20 lb. of dry matter per day. It is 
difficult to accept the implication that during January the cattle con- 
sumed no more grass than they did during the December period. The 
explanation might well be that they did in fact consume more than this, 
but that the additional consumption was not reflected in milk yield, 
because of the need to make good the losses of the previous month. 
From the December figures, from an intake of 20 Ib. of dry matter, 
obtained equally from all four pasture types, the cattle would obtain 
sufficient phosphorus for only 0-6 gal. of milk, against an actual pro- 
duction of 1-42 gal. per day, for the herd as a whole, and 1-0 gal. for the 
unsupplemented group. 

Exactly opposite pasture conditions prevailed during the two preced- 
ing months. Milk production reached its highest in October and Novem- 
ber, whilst the pastures probably gave their greatest bulk of herbage in 
October, when the hill pastures were in spring flush. At this stage the 
cattle no longer cropped the pastures bare, and there seemed little reason 
to believe that the cattle were not eating their fill. 

For production to be limited only by energy- or protein-intake, the 
milk produced would require the consumption of only 20 lb. if grazing 
were restricted to the natural pasture, or of about 17 Ib. from each of the 
other pasture types. It seems most unlikely from the condition of the 
pastures at this time that supply of herbage was limited to this figure, 
whilst most of the milking cows were at or near the peak of lactation. 
The implication would seem to be either that the capacity of the Jersey 
cows used was 18-20 Ib. rather than the 25 lb. usually assumed for 
animals of this weight, or that some nutrient other than energy or pro- 
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tein is limiting. Of the other nutrients measured in this investigation 
carotene and calcium oxide were always present in quantities consider- 
ably in excess of the demand. ‘The phosphorus-content of the natural 
and hill pastures and of the paspalum, however, fell to a very low level, 
and must undoubtedly have limited production very seriously had the 
animals not had access to a dicalcic-phosphate lick. 

It may be noted that between the October and November periods a 
distinct rise in milk production took place, whilst at the same time the 
protein-content of all four pasture types declined, slightly for the hill 
pastures and paspalum and appreciably for the sown pasture. By con- 
trast, the natural and improved hill pastures, which at this time provided 
the bulk of the feed, both showed a slight rise in phosphorus-content 
between these two dates. 

If, in spite of being available as a lick, phosphorus is in fact limiting, 
the a discussed earlier between the protein-content of the 
pastures and the level of milk production is explicable in part by the 
correlation that exists between the protein- and phosphorus-contents, 
and by the increased growth-rate of the pastures at those times when the 
protein-content rises. 

The low production that would be predicted from the paspalum, even 
on the basis of full food intake, is serious in view of its importance in the 
coastal dairying districts. The figures reported here were obtained from 
pastures maintained in a close-grazed condition, and in which the crude- 
fibre content fluctuated between 22 and 28 per cent. Where this species 
is allowed to run up to head, as it commonly does on the north coast, the 
levels of phosphorus, protein, and energy would be expected to fall to 
considerably lower levels resulting in a decline in milk yield, even 
though the animals were eating to capacity. Further work on paspalum 
pasture appears to be warranted. 
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Summary of Parts I and II 


A study has been made of the fluctuations in the levels of crude 
protein, crude fibre, lime, phosphoric acid, and carotene in four con- 
trasting types of pasture growing in the southern coastal areas of New 
South Wales. The pastures were (a) naiural pasture composed mainly 
of native perennial grasses dominated by Danthonia spp., Stipa spp., 
and Themeda australis; (b) natural pasture ‘improved’ ; broadcasting 
seed of subterranean clover and perennial ryegrass together with super- 
phosphate; (c) pasture sown down to grass after several years under 
cultivation. At the time of the experiment this consisted largely of 
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subterranean clover with perennial ryegrass and Phalaris tuberosa; (d) 
paspalum pasture consisting of an almost pure stand of P. dilatatum. 
he results obtained for each pasture are discussed relative to one 

another and in relation to other published data. 

Significant correlations were found between crude protein, phosphoric 
acid, and carotene, but not between crude protein and crude fibre. 

The natural pasture and the paspalum were always closely grazed by 
dairy cattle and rarely exceeded 2 in. in height. The improved and sown 
pastures were shut up for a short period during which the sward went 
up to 4 in. high, but during the rest of the year these pastures also were 
pe ec grazed. The method of sampling adopted followed that laid 
down by the Coarse Fodders Sub-committee of the Agricultural Educa- 
tion Association, and gave satisfactorily low-standard errors, ranging 
from 1-96 to 6-02 per cent. of the mean. From the relationship of pasture 
composition to the milk produced, it is concluded that both the quantity 
of grass consumed and its phosphorus-content may be factors Tanning 
production. 
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THE POSSIBILITIES OF BEEF PRODUCTION IN 
SOUTHERN AFRICA 


I. B. POLE EVANS 
WITH PLATES 4~7 


Tuis article is written as a result of the writer’s keen interest in the 
pasture grasses of southern Africa and in their tremendous possibilities 
when correctly used in farming practice. Being specially interested in 
the vegetation of the Bechuanaland Protectorate he made large collec- 
tions of grasses there, more particularly from the swamp areas. Many of 
these grasses have proved to be very profitable in the Union of South 
Africa, in Southern Rhodesia, and even in India, under conditions differ- 
ing widely from those in which they were found. The pressing world 

roblem of food and population and the inescapable connexion between 
Caf and grass were the spurs which induced this review of the present 
beef production of southern Africa and the possibility of increasing it 
from her immense natural store of pasturage. 

The theme of this review—“‘pasture and beef’—makes it quite fitting 
that mention of Great Britain should be the starting-point, having in 
mind, first her traditional association with both, and secondly her need of 
imported supplies of beef from Commonwealth countries. 

reat Britain, with a cattle population of over 7 million, from her 
world-famed natural pastures produces the finest quality beef in the 
world. She is also the nursery from which the nations of the world draw 
their pedigree stock for beef and dairy production. She produces ap- 
proximately 50 per cent. of the beef which her population of over 50 
million people consumes. The remainder is imported mainly from South 
America. ‘The Dominions and colonial territories, apart from Australia, 
have contributed comparatively little to her beef supply. Great Britain 
_— 7 import to-day an annual supply of approximately 600,000 tons 
of beef. 

In view of the dollar shortage and the desirability for Great Britain to 
obtain greater supplies of beef than at present from sterling areas, it is 
proposed to examine the beef production potential of southern Africa, 
territory by territory, to see how far these are able to contribute. By 
southern Africa is meant that part of the continent which lies south of 
the Cunene and Zambesi rivers. This includes the Union of South 
Africa, South West Africa, the southern portion of Portuguese East 
Africa, Southern Rhodesia, and His Majesty’s High Commission 
Territories of Swaziland, Basutoland, and the Bechuanaland Protec- 
torate. (For map see p. 94.) 

Southern Africa, apart from the small semi-desert area in the south- 
western corner, where grass is not the dominant feature in the vegetation 
cover, is essentially a steppe and savannah country in which grass dominates 
the vegetation cover. In times past it carried vast herds of antelope of 
various kinds throughout its grasslands. These vast herds migrated from 


summer-grazing areas to winter-grazing areas and thereby prevented 
{Empire Journ. of Exper. Agric., Vol. 18, No. 70, 1950.] 
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undue pressure on the vegetation from year-long grazing. ‘To-day the 
country carries some 20 m. head of cattle and some 53 m. head of sheep 
and goats. These are confined to year-long grazing. The human 
population of the area is just over 18 m., 2} m. being Europeans and 
154 m. non-Europeans. 

The production of beef is not the principal object in raising cattle in 
southern Africa. The African, who owns by far the greater proportion 
of the cattle population is by custom loth to part with his cattle other 
than for neonch yess the possession of cattle counts in his social scale 
for more than their money value. The native depends entirely on his 
cattle for draught purposes and for a meagre milk supply.. Only when 
they have become useless for these two objects does he consider them of 
use for meat. Much the same attitude prevails among European owners 
who sell their animals for beef only when their days of toil and milk 
production are over. 

Throughout southern Africa the raising of cattle whether for beef 
or for dairying is subject to the limitations which nature imposes 
through climate. For half the year the cattle are deprived of succu- 
lent growing grass and this materially affects their growth and the 

uality of the beef. The production of high-quality beef demands more 
than this. 


The Union of South Africa 


The Union of South Africa occupies the southern tip of the African 
continent. It is an area of some 472,550 sq. miles. On the north it is 
flanked by the colony of Mozambique to the east and by South West 
Africa to the west, whilst the Bechuanaland Protectorate and Southern 
Rhodesia abut on to the central northern portion. Only the extreme 
NE. portion of the Union, viz. the northern section of the Limpopo valley, 
falls within the Tropic of Capricorn. 

The Union falls naturally into two main physiographic regions—the 
great interior plateau and the country between the edge of the plateau 
and the sea. Most of the interior plateau, apart from the central portion, 
lies more than 4,000 ft. above sea-level and reaches its greatest height 
along its SE. edge. The southern and central portions of the plateau are 
drained on the west to the Atlantic Ocean by the basin of the Orange; 
the northern portion is drained to the east by the Limpopo basin. The 
great interior plateau is approximately a peneplane. The country be- 
tween the interior plateau and the sea is not a coastal plain. It is broken 
up by mountain ranges in the south-west, and in the east it is intersected 
by numerous perennial rivers, whereas in the west most of the rivers run 
during periods of flood only. 

Over the eastern and central portions of the Union most of the rain 
falls in summer from the SE. Trades. The SW. and western portions 
receive most of their rain in winter from westerly winds. On the eastern 
coastal region, opposite and including the high eastern escarpment, the 
rainfall is more than 30 in.; over the rest of the eastern portion it varies 
from 30 to 15 in. east to west. The central portion receives less than 15 
in., whilst on the west coast the rainfall is under 5 in. 
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The Union can thus be divided roughly into the following broad 
climatic regions: 


1. The south-west coastal region. 
2. The arid west coast and the Karoo. 
3. The warm temperate east coast. 


These three comprise the country between the high plateau and the sea. 


4. The cool temperate eastern plateau. 
. The semi-tropical plateau. 
6. The arid western plateau. 


These three together make up the high plateau. The vegetation of these 
climatic regions in the order given is characterized by: 


. Cape shrub and bush. 

. Desert and semi-desert shrub. 

. Tall grass savannah. 

. Cool temperate grassland steppe. 
. Semi-tropical savannah. 

. Semi-desert grassland. 


Ww 


Of these regions, 1 and 2 are not naturally suited to the production of 
cattle; 3 is very largely occupied by natives and carries the bulk of the 
natives’ cattle population; 4 is the main crop-producing area of the 
Union; 5 and 6 are suitable he extensive ranching. 

Over the greater portion of the high plateau frosts are liable to occur 
over a period of more than 100 days per annum, but frost seldom occurs 
between the plateau and the ocean. 

A census of the population of the Union made in 1946 gives the total 
population as almost 11-4 m., of which 2-373 m. are Europeans and the 
rest non-Europeans. 

The total cattle population of the Union is approximately 13} m. head, 
74m. of which are owned by Europeans, some 4 m. by natives in the 
native reserves, and 2 m. by natives on European-occupied farms. 

The main beef-producing areas lie in the NE., N., NW., and central 

ortions of the Transvaal Province, and in the northern portion of the 

ape Province bordering the Kalahari desert. These areas receive a 
summer rainfall which varies from under 10 to 20 in. Owing to periodic 
droughts and uneven distribution of the rainfall the production of crops 
is uncertain and hazardous in these areas. The cattle, therefore, have to 
depend on the natural pasturage for feed. This, owing to the semi-arid 
nature of the country, is green and succulent only during the summer 
rainy period, but is withered and dry during the 6 months or more of 
winter. The result is that the animals may be in good condition at the 
end of summer but steadily fall off in condition during the winter months 
when the nutritive value of the natural pasturage is low. Under such 
conditions nothing but poor-quality beef can be produced (Plate 4, Fig. 1). 

At one time it was thought that this could be overcome by moving the 
store cattle from the breeding areas to what were described as the fatten- 
ing areas, viz. the maize-producing areas of the Transvaal, Orange Free 
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State, and Natal Provinces. For various reasons little headway has been 
made with this proposal, and a continuous rise in population, making 
ever greater demands on maize for human consumption, makes this 
proposition increasingly more difficult. 

Another suggestion made was to fatten these store cattle on natural 
pasture to which a daily ration of cotton cake was applied, as is done on 
the ranches of the United States. Whatever supplementary feed is given 
under present-day conditions is expensive and raises the economic issue 
at once. 

Experiments were conducted on stall-feeding store cattle, but these 
have shown that this also is not a practical or economic proposition. 

It must be borne in mind that most of these beef-producing areas have 
already been heavily overstocked, with the result that the best pasturage 
has already been sorely punished and badly depleted. Most of it is 
pasturage that is suited naturally to winter grazing, whereas spring and 
summer grazing result in its rapid destruction. ‘The situation is not being 
improved by the year-long grazing to which such pasturage is now being 
subjected. Phosphorus is deficient throughout most of these areas and 
the supply of a phosphorus ration is a very necessary item. 

Much of the Union’s cattle population is of poor beef-quality, because 
the grazing in the native reserves where much of it is raised is badly 
depleted, and also because possibly more than 2 m. of the European- 
owned cattle are used first for draught purposes. The latter, when they 
have passed their prime, are fattened up and find a ready market for beef 
of interior quality, which is supplied to the large native population en- 
gaged in the gold-mining industry of the ‘Transvaal. 

From time to time the cattle supply of the Union tended to outstrip 
the local demand for beef and various attempts were made to alleviate the 
position of the producer by exporting frozen beef, chilled beef, and cattle 
on the hoof. The prices offered for frozen beef have usually not been as 
good as those obtainable on the local market and the production of 
chilled beef, which requires supplementary feeding, is not economic at 
present prices. The export of cattle on the hoof can hardly be en- 
couraged as it is wasteful where shipping space, feed, and loss of manure 
are concerned. Still, the indications are that the cattle population will 
again soon outstrip the local demand for beef. 

So far as can be seen the Union then has no natural facilities for build- 
ing up and fostering an export beef industry on a commercial scale. It is 
only on year-long succulent pasturage that this can be achieved com- 
mercially and economically. Under South African conditions this de- 
mands a continuous supply of irrigation-water throughout the dry season 
to produce the necessary pasturage for quality beef, and the country is 
handicapped at present through the lack of extensive irrigation schemes 
for this purpose. It is thus obvious that the disposal of the imminent 
surplus of poor-quality beef will present quite a considerable problem. 


South West Africa 


The cattle industry of this vast arid territory is naturally confined to 
the grassland areas which occur only in the central and northern portions 
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of the country. ‘The total cattle population is approximately 1} m. head, 
1} m. of which are owned by Europeans, and the remaining } m. by 
natives. Owing to the low ae erratic rainfall prevailing over most of the 
territory, it is essentially a pastoral country that depends almost entirely 
on the natural vegetation as pasturage and browse for its stock. 

Over the central and northern portions the rain is confined to the 
summer months. It usually begins in October, is heaviest during De- 
cember and January, and is generally over by April, when a marked dry 
season of six months follows. During this pf season the feeding value 
of the pasture is low, being deficient in both protein and phosphorus. 
Dairy-ranching occupies an important place in the cattle industry, con- 
— a dual purpose animal is aimed at. 

n recent years the territory has been exporting just over 100,000 head 
of cattle for slaughter to the Union. Owing, however, to the severe 
climatic conditions that prevail over the territory, and to the continual 

ressure put upon the natural pasturage, no great expansion of the cattle 
industry can be expected and the production of high-quality beef is pre- 
cluded by the country’s inability to provide the necessary succulent 
pasturage or good supplementary feed during the dry season. In 1940 an 
attempt was made to export some frozen beef to Great Britain, but the 
price received was unremunerative. As soon as South West Africa be- 
comes the fifth Province of the Union of South Africa it will naturally 
look to the Union for the marketing of its surplus stock. 


Southern Rhodesia 


The colony of Southern Rhodesia forms the north-eastern tongue of 
the South African high plateau. ‘This tongue is drained on the north by 
the Great Zambesi river and on the south and east by the Limpopo and 
Sabi rivers. The colony is 152,000 sq. miles in extent and has a Euro- 
pean population of approximately 90,000 and a native population of 
1}m. The total number of cattle on European- and native-owned land 
is approximately 3 m. 

The natural vegetation is largely grassland savannah, with a con- 
spicuous dominance of bush and tall trees in the low-lying valleys. 

pen deciduous forests occur on the deep sandy soils in the north-west, 
and patches of evergreen mountain forests occur on the eastern escarp- 
ment. ‘The best pasturage is found on the rich soils in the low-lying 
valleys of the Zambesi, Limpopo, and Sabi rivers and their environs. On 
the granitic soils covering the uplands and the high plateau the grassland 
generally is poor except in the region of what is known as the ‘great dyke’ 
where the grazing is excellent. 

Over most of the colony the rainfall is highly seasonal, erratic, and low. 
The average fall over half of the country is less than 25 in. The result is 
that 75 per cent. of the country is unsuited to anything but grazing and 
consequently the proportion of land available for arable farming is very 
limited. Pastoral production will, therefore, always be the keystone of 
the country’s agriculture, and in this, owing to the nature of the grass- 
land, cattle for beef must play the paramount part. 

Good ranching country for the raising of stores exists in parts of the 
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southern and south-eastern areas of the colony where most of the ranch- 
ing is carried out at present, but special provision for fattening such 
animals on highly nutritious pasturage is fundamental for the production 
of quality beef. The suggestion put forward to fatten them in the maize- 
producing areas of the colony, or on groundnut cake to be produced by 
the natives, ag Ai feasible in view of the great increase in the 
population, both European and native, which appears inevitable, and 
moreover will leave no maize or groundnut surplus. 

The obvious solution to the problem of increasing the beef produc- 
tion of the colony is to draft the store cattle from the ranching areas to an 
area of high pasture production. A natural area of this kind does not exist 
in the colony, but if the proposal to establish a great irrigation scheme in 
the Sabi valley is put into effect, and if irrigated pasture is made the chief 
feature, then Rhodesia’s future as a great cattle-raising country would be 
assured ; 300,000 acres of intensive pastures should be capable of fatten- 
ing at least 400,000 bullocks per annum. It is most fortunate for a scheme 
of this kind that these two areas—the ranching areas for the raising of 
stores and the area of irrigated pastures under the Sabi Scheme for 
fattening—should happen to be contiguous. Enough is now known about 
African pasture grasses suitable for permanent pastures and temporary 
leys under irrigation to ensure the success of such a scheme, provided the 
necessary provision is made for the correct management of the irrigated 
pastures and the natural veld. 


Portuguese East Africa 

The portion of the colony of Mozambique (as Portuguese East Africa 
is now known) south of the Zambesi river is approximately 152,000 sq. 
miles in extent. It has a total population of approximately 50,000 Euro- 
peans and 2 m. non-Europeans. It consists mainly of low-lying country 
covered with tall grass and open woodland vegetation. The colony has 
all the natural factors necessary for successful agriculture. It experiences 
a good rainfall that is seasonal during the summer months, and possesses 
a marvellous river-system, the rivers of which are perennial and flow 
gently through deep alluvial soils. These well-watered alluvial plains, 
under a tropical and subtropical climate, are all within easy reach of 
coastal ports most of which are supplied with navigable rivers. 

With such unique natural facilities for the growth and marketing of 
tropical and subtropical crops and fruits it is no wonder that prior atten- 
tion should have been given to the production of sugar, maize, copra, 
sisal, cotton, tobacco, rubber, oilseeds, beans, groundnuts, rice, tea, and 
coffee, all of which contribute to the wealth of the colony through a 
flourishing export trade. 

The cattle industry is still in its infancy; disease in the form of east- 
coast fever, and trypanosomiasis due to tsetse-fly, have been the main 
obstacles confronting it. Through persistent dipping it is claimed that 
no case of east-coast fever has been recorded since 1917. It remains for 
science to deal as effectively with the menace of tsetse-fly. The cattle 
he mao of the area is approximately 1 m., the greater concentration 

eing in the southern portion in the districts of Lourengo Marques, Gaza, 
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and Inhambane. This area, with its abundant water-supplies, and the 
enormous Daag for developing all-the-year-round green pastur- 
age, should be able to produce high-quality beef on a Jarge commercial 
scale. 


His Majesty's High Commission Territories 


1. Swaziland is the smallest of the three native Protectorates and lies 
on the eastern side of the sub-continent, between the high plateau and 
the ocean. It is bounded on the north, west, and south by the Transvaal, 
on the south-east by Natal, and on the north-east by the colony of 
Mozambique. It occupies 6,700 sq. miles and carries a European popula- 
tion of 2,700 and a non-European population of approximately 154,000. 

Its western border merges into the high veld of the Transvaal; its 
eastern border slopes down to the low-lying country or low veld of 
Zululand to the south and to Portuguese territory to the north. Lying 
between the high and low areas is the so-called middle veld. There are 
thus three well-marked zones in the configuration of the country. These, 
commonly knownas the high veld, middle veld, and low veld respectively, 
are the main topographical features of the country. Each has its own 
peculiar climate, vegetation, and soils. 

The country enjoys a comparatively good rainfall, which is seasonal 
and occurs from October to March. Both rainfall and temperature vary 
with the changes in altitude, the high country receiving more rain than 
the low veld and being cooler. The high veld receives an average of 
41 in. per annum, the middle veld 32 in., and the low veld 23 in. On the 
high veld the climate is temperate, but in the low veld tropical to sub- 
— conditions prevail. 

ver the high veld area the vegetation is a good dense grassland sward. 
The middle veld is grassland savannah with mixed grass, and the low 
veld is grassland savannah with tall trees. The country is well watered 
with strong perennial streams which rise on the high veld of theTrans- 
vaal on the Swaziland western boundary. 

Swaziland’s main source of wealth is derived from its cattle, the 
population of which, in 1945, was 467,000 head. During the same year 
over 11,000 head of live cattle were exported to the Union for slaughter. 

Cattle ranching is extensively carried on in the low veld and eastern 
middle veld, where the natural pasturage is of excellent quality and where 
it has been possible to produce fat cattle at the end of the dry season on 
the natural pasture alone because of the longer growing-period providing 
succulent feed for a sufficiently long time. However, owing to con- 
tinuous pressure on these pastures through overstocking, and to all-the- 
year-round grazing, the pasturage is rapidly deteriorating with the result 
that the carrying capacity of the veld is declining. If these ranching pro- 
jects could be combined with irrigated pastures by using water from the 
rivers traversing the low veld, which would appear to be quite feasible, 
then beef production in Swaziland could be considerably increased. 

2. Basutoland is a high mountainous block of country whose eastern 
wall forms part of the great Drakensberg range, just beyond the eastern 
edge of the high plateau. It is an enclave within the Union of South 
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Africa, being completely surrounded by the Cape Province, Orange Free 
State, and Natal. It is purely a native reserve, perched in the mountain 
fastnesses west of the Drakensberg. In extent it is 11,700 sq. miles, and 
its population consists of 1,400 Europeans and 560,000 non-Europeans. 

he vegetation is mountain grassland over the higher parts and high 
veld grassland in the lower valleys. 

The Basuto is both an agriculturist and a stock farmer. The country 
being more suitable for sheep and goats than for cattle, sheep and goats 
occupy the foremost place in the animal industry. At a census taken in 
1945 the cattle population was 437,000 head, some of which are used 
internally and others exported to the Union for draught and pack pur- 
poses. During 1944 some 5,500 head of cattle were exported to the 
Union. Owing to the limited grazing available and to the character of 
the veld, beef production in Basutoland is not likely to become an im- 
portant industry or one capable of expansion. 

3. The Bechuanaland Protectorate lies in the central portion of 
southern Africa. It is a roughly rectangular block of country of some 
275,000 sq. miles and is bounded on the south by the Union of South 
Africa, on the west and north by South West Africa, and on the east by 
Southern Rhodesia. Considerably more than half of the northern por- 
tion of this great territory lies within the Tropic of Capricorn. The 
country forms the great central plateau which lies between 3,000 and 
4,000 ft. above sea-level (see map, p. 94). 

Most of the country is flat and featureless. The SE. border is skirted 
by the Limpopo river, but the whole of the SW. portion of the Territory 
is devoid of perennial streams. The northern portion, however, receives 
from the Angola Highlands the entire volume of the Okovango river, 
which empties itself into a great swampland known as the Okovango 
delta from which in years gone by Lake ’Ngami and the Great Makari- 
kari Lake were filled; now this occurs only seldom. The NE. portion of 
the Protectorate receives, in addition, a copious water-supply coming 
from Angola via the Kwando river, which, after flooding the Chobe 
swamp, proceeds by the Linyanti river to the Zambesi. 

The average annual rainfall over the Protectorate as a whole is low. In 
the extreme south it is 5—10 in., whilst over the greater part of the central 
portion it is 10-15 in., and over the eastern and northern portion it is 
20-30 in. Most of the rain falls in summer during thunderstorms. 
Most of the soils are sandy and underlain by lime deposits characteristic 
of arid conditions. Typical sand-dunes occur over the low-lying semi- 
desert country between the Molopo and Nosob rivers. Over most of the 
central portion the sand mantle varies from shallow to deep, whilst in the 
north-east rolling and undulating country of deep sand is encountered. 

The country generally is covered with grass in which shrub, bush, and 
tree growth occur in varying degrees (Plate 4, Fig. 2). Over the western, 
southern, and central portions the grasses are short, tufted in habit, and 
have a very short growing-period which begins and ends with the 
summer rains, after which the grass quickly dries. Over the eastern and 
northern portions the grass cover is taller and most of the grasses have a 
longer growing-period than those which occur to the west. In the SW. 
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and central portions the soil moisture is not sufficient to maintain tree- 
growth, so dwarf shrub and stunted bush occur here in the grassland, 
but in the east and north where soil conditions are more favourable both 
dense bush and tree-growth invade the grassland. The swampland areas 
mentioned above are characterized by tall grass, papyrus, reeds, high 
palms, and gigantic riverine trees (Plate 5, Figs. 3 and 4). 

There are thus in this territory two extreme types of grassland—firstly, 
desert grass, which covers by far the greater portion a it, and secondly, 
marshland grass, which is confined to a well-defined area of some 5,000 
sq. miles. ‘This is irrigated naturally by the Okovango and Kwando 
rivers, Which come down in flood during the dry season. 

The arid nature of Bechuanaland, together with its scanty and un- 
certain rainfall, renders crop production over most of the area a hazardous 
undertaking, but the quickly maturing grass and the numerous edible 
shrubs furnish excellent grazing and browse while they are green, but 
after the grass dries it (like most of the grass on the high plateau) becomes 
deficient in protein and phosphorus. 

Most of the native people have taken advantage of this great grass and 
shrub cover and have been pastoralists from early times. From Living- 
stone’s time onwards they have been noted for their very large herds of 
great horned cattle. 

The greater part of the country is uninhabited because surface water 
is scarce at the best of times. In such dry country large tracts of good 
grazing remain untapped since stock cannot be watered. If water could 
be made available by boring or any other means, this would bring about 
a better distribution of the native people and make good use of this 
enormous store of grass that now is wasted. All the energies of the 
native people should be directed to the raising of cattle in these dry areas. 
Cattle herding in such areas entails a nomadic life, which is congenial to 
the native and one which he understands and practises. 

But this is only half the picture in arid Bechuanaland. In the northern 
portion there are the vast swampland areas of the Okovango and Chobe 
deltas with their evergreen pastures, and for a long time it has been 
known that the best beef animals have been produced in these areas. In 
fact the fame of these fat cattle was so well known in earlier times that 
Lobengula, Chief of the Matabele, used to send his impis to raid the 
Okovango area and drive off the fat cattle. In recent times a considerable 
cattle industry has been built up there for the supply of meat to Northern 
Rhodesia, the Belgian Congo, and Angola. 

Unfortunately, the extensive use of these valuable natural pasture 
lands is now threatened by the spread of the tsetse-fly in the area. Unless 
effective steps are taken to deal with this menace a most valuable tract 
of country will be rendered useless and uninhabitable and a much- 
prized source of beef supply will be lost. The presence of tsetse-fly in 
the swamp area also raises the question whether large-scale cattle pro- 
duction is a safe and wise undertaking in the surrounding country, 
which is bush and tree covered. It also points to the importance of laying 
down now a broad and far-reaching policy for the benefit of the native 


people and for the country as a whole. 
3998-70 H 
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Apart from the marshland area the country is only fit for ranching on 
a very extensive scale and under most careful control. Ranching by itself 
is not enough and is unlikely to achieve much. If beef production is the 
aim the ranching must be combined with additional good feeding, and 
—— facilities exist in the swampland areas for feeding and fattening 
cattle bred in the vast ranching areas if the great swampland is properly 
developed. ‘This swampland is a natural pasture area of high carrying- 
capacity which can be very greatly improved and should then be capable 
of fattening up to 2 m. head of cattle annually. The feed is there and a 
regular and bountiful supply of water is yearly available. 

A new era of prosperity for the natives of Bechuanaland would be 
ag up if such a project were put into practice as they would have to 
play the greatest part in it. It would then be possible to do what is not 
naturally possible in any other part of British South Africa or in the 
Union of South Africa, and on a very large scale. It would be possible to 
integrate a vast breeding-area with natural all-the-year-round succulent 
sep lands; and this would put the land to its most natural and bene- 

cial use. But the greatest benefit would be in the large supply of high- 
quality beef that would become available to the Commonwealth. 

Permanent white settlement of such areas is not a practical proposition, 
but cattle-raising and herding are in the tradition of the local natives to 
whom a scheme of this kind would give complete and congenial employ- 
ment for their own benefit. Their labour need not then be exported for 
the benefit of neighbouring countries. 

Since the time of Schwarz of The Kalahari or Thirstland Redemption 
fame, many schemes and ideas have been put forward for using the water 
from the Okovango and Chobe rivers, but Wellington is the only one 
who has suggested using the swamps themselves. The aim in most of 
the cases was to conduct the water by ingenious engineering schemes to 
produce lakes once again in the old depressions of Makarikari, Mababe, 
and ’Ngami, &c., in order to use the water there. It is very doubtful, 
however, if water taken there at colossal expense would prove as useful 
as the delta pasture scheme, even provided the soils there proved to be 
usable agriculturally. The water can be used zm situ in the delta to irrigate 
pasture, and this quite definitely is the most natural use that can be made 
of it, and the most economical too. 

Schwarz’s theory, which is still being pushed on the public, is that if 
great open lakes were reformed from the swamp waters they would by 
natural surface-evaporation release great quantities of water into the 
atmosphere which would have a beneficial effect on the climate. In actual 
fact the swamps themselves release more water vapour by plant transpira- 
tion than an equivalent area of open water would do by evaporation. 


Pastures 
The remarkable possibilities and plasticity of two pasture grasses— 
Acroceras macrum and Setaria sphacelata—which the writer first collected 
in 1934 in the swamp areas of the Nyl vlei in the Northern Transvaal 


emphasized the importance of paying increased attention to grasses in 
such ecological sites. 


= 
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Acroceras macrum, or Nyl vlei grass, as it is commonly called, has proved 


to be a most valuable hay and pasture grass in the eastern grassveld area 
and in the eastern coastal belt of the Union. It was first propagated by 
clones and then by putting the slender creeping rhizomes through a 
chaff-cutter, broadcasting them, and then harrowing them in. Now 
propagation by seed is becoming increasingly possible. So popular has 
this grass now become that it is described and looked upon by the 
farmers of the high eastern plateau as ‘the lucerne of the highveld’. 

Setaria sphacelata, or du Toit’s Kraal Setaria, also with a creeping 
rhizome, was looked upon for several years as a most promising hay and 
pasture grass which could stand up to rough treatment and quite severe 
climatic conditions, but this has now been superseded by a better strain 
to be described below. 

In 1937 the writer collected a much grazed Panicum from the swamp 
area of the Great Makarikari Lake in the Bechuanaland Protectorate. 
Later on, after cultivation and propagation at Pretoria Pasture Stations, 
this grass exhibited similar remarkable powers of adaptability to a variety 
of soils and climatic areas throughout the Union and Southern Rhodesia. 
This grass, formerly described as Panicum coloratum var. Makartkariensis, 
and now commonly known as the Makarikari Panicum, is both a valuable 
— and hay grass. Its only drawback is that it does not set seed very 

reely and when it does the seed drops very easily so that is not readily 

harvested (Plate 6, Fig. 5). The acquisition of P. makarikariensis from the 
neighbourhood of the ’Ngamiland area, combined with the knowledge 
that Ngamiland cattle maintained outstanding condition throughout the 
year, added particular interest to this swamp area and its grass flora and 
was an added incentive to explore both. In 1937 the writer was accorded 
facilities by the Union Government and the Administration of the Bechu- 
analand Protectorate to make an expedition to ’Ngamiland to explore the 
~ flora of the Okovango delta for the purpose of bringing back for 
urther study any grasses that might appear worth while. Some two 
weeks were spent in the swampland area where a large collection of 
living plant material was made. This included plants belonging to the 
genera—Acroceras, Andropogon, Brachiaria, Cenchrus, Chloris, Cyno- 
don, Digitaria, Echinochloa, Eragrostis, Hemarthria, Panicum, Paspa- 
lum, Pennisetum, Setaria, Sorghum, Sporobolus, and Urochloa. At the 
time of their collection many of these grasses looked extremely promising 
and when one saw their green succulence in the dead of winter the excel- 
lent condition of the cattle grazing them was easily explained. 

After these grasses had been established at Pretoria (Fig. 6) it soon 
became clear that some outstanding material had been secured from the 
swamp area, and again this showed remarkable adaptability to soil and 
climatic conditions very different from those in the original habitat. 
Chief amongst these grasses was Setaria sphacelata var. Kazungula 
(Plate 7, Fig. 7) which has shown remarkable growth in the eastern plateau 
and in the eastern coastal belt, so much so that not only is it furnishing 
hay and grazing of good quality, but it can also play a most important part 
In maintaining soil fertility when used in a crop-rotation system. This 
Kazungula Setaria or Foxtail millet has the added advantage of being a 
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prolific seeder, and steps are now being taken in the Union to make seed 
supplies readily available to the farming community. 

‘lhe rich harvest of valuable pasture grasses collected in the Okovango 
delta area inspired the writer to extend his searches farther north, to 
East and Central Africa, and an opportunity to do this arose when the 
Government of Kenya invited him to visit that colony. In May 1938 his 
expedition left Pretoria by road and passed through the following terri- 
tories: Southern Rhodesia, Mozambique, Nyasaland, ‘Tanganyika, 
Kenya, Uganda, and the Belgian Congo; special attention was paid to 
the swampland areas en route, and collections of the more promising 
grasses were made. These included some outstanding fodder, hay, and 
pasture grasses which are now being propagated and used largely in the 
Union. Chief amongst these are more prolific strains of Elephant grass 
(Pennisetum purpureum), Foxtail millets (Setaria splendida and S. sphace- 
lata), Buffalo grasses (Panicum spp.), Barnyard grasses (Echinochloa 
spp.), Giant Star Grasses (Cynodon plectostachyum), Swamp couch 
(Hemarthria fasciculata), Finger grasses (Digitaria spp.), and Kikuyu 
(Pennisetum longistylum). 

Owing to the Union’s climatic limitations many of these valuable 
grasses do not attain their full development here, but there can be little 
doubt that under the climatic and edaphic conditions of the Okovango 
delta these grasses would yield up their full toll of usefulness. Suffice it 
to say that with such a store of perennial African grasses available and 
with leys of lucerne and Sudan grass, the latter occurring naturally in the 


area, the Okovango delta could be turned into the richest pasture area in 
Africa. 


Conclusions 


As a result of this review it is seen that in semi-arid and arid southern 
Africa only two of its territories possess natural resources in the shape of 
natural pasture land suitable for the production of high-quality beef on 
a commercial scale. These territories are the Bechuanaland Protectorate 
and the Portuguese colony of Mozambique. In the latter the rich 
alluvial plains of the Maputa, Inkomati, and Limpopo rivers, with their 
natural pastures, would appear to offer unique facilities for dairying and 
the = of high-class beef. At present crop production is the 
chief concern. 

The Bechuanaland Protectorate contains a vast grazing area which at 
oo can be utilized mainly during the rainfall season (October to 

arch) when surface-water for drinking purposes is available in natural 
small dams or pans. These dry up with the arrival of the dry season, 
which means that the grazing becomes more and more circumscribed and 
consequently more heavily punished in the neighbourhood of permanent 
water (Fig. 8), A liberal policy for a network of boreholes throughout the 


area would open up extensive ranching stretches where excellent pastur- 
age exists, and would be the means of greatly increasing the cattle 
— of the native people. 

he northern part of the Bechuanaland Protectorate possesses a vast 
swampland of perennial streams and evergreen pastures—the Okovango 
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and Chobe deltas—which should naturally be utilized to fatten the store 
cattle produced in the drier areas to the south. This swampland area, if 
properly canalized and put down to extensive irrigated perennial pastures 
and temporary leys, should be capable of fattening annually up to 2 m. 
head of cattle. 

The swampland area is at present infested with tsetse-fly and malaria, 
but both of these problems can be effectively dealt with in the light of 
present scientific knowledge, and should be no deterrent to embarking 
on what should prove to be one of the greatest contributions in the 
Commonwealth to the beef-supply of Great Britain, and at the same time 
to the general welfare of the African people. Sir John Russell, in his 
presidential address to the British Association, has drawn most timely 
attention to the part that = must play in the Commonwealth to aug- 
ment the food-supplies of the world. 

Highly suitable and valuable pasture grasses for the laying down of 
irrigated perennial pastures and temporary leys have already been 
secured from this swampland area and from other swampland areas in 
tropical Africa. These have already shown their worth and possibilities 
in the Union of South Africa, and in Southern Rhodesia under more 
exacting conditions of climate and soil. 

The colony of Southern Rhodesia has large areas of grassland suitable 
for the production of store cattle but lacks the necessary pasture to 
fatten stock. Her arable areas are limited in extent and her rapidly in- 
creasing population will need all the food that her croplands can produce. 
If Southern Rhodesia wishes, therefore, to expand and make full use of 
her livestock industry her obvious course would appear to lie in making 
available sufficient irrigated pastures to fatten the store cattle from the 
ranching areas. The irrigation scheme projected for the Sabi valley 
— to be ideally situated for this purpose. 

he Bechuanaland swampland is an undeveloped area having great 
possibilities for the production of high-quality beef on a commercial 
scale. Used for this it would benefit greatly the native inhabitants of the 
land, should be a good field for investment, and will make a handsome 
contribution to the food-supply of the world. 


REFERENCES 


The following references to the geography, botany, and hydrology of the Kalahari, 
*Ngamiland, and the Okovango swampland will be found useful: 


C. J. ANDERSON, Lake "Ngami. London, 1856. 

S. PassarGE, Die Kalahari. Berlin, 1904. 

E. J. Lucarp, The Flora of ’Ngamiland. Kew Bull. No. 3, 1909. 

N. E. Brown, The Flora of Ngamiland. Ibid. 

F. Server, Pflanzengeographische Beobachtungen in der Mittel Kalahari. Englers 
Botan. Jahrb., 46, 1912. 

A. G. StiGaNp, Notes on "Ngamiland. Geogr. J., April 1912; Trans. Roy. Soc. S. 
Africa, 1913, 3. 

E. H. L. Scuwarz, The Kalahari or Thirstland Redemption. Cape Town, 1920. 

A. G. Sticanp, ’Ngamiland. Geogr. J., 1923, 42 

A. L. pu Torr, Report of the Kalahari Reconnaissance of 1925. Pretoria, 1926. 

B. E. H. Cuirrorp, A Journey by Motor Lorry from Mahalapye through the Kalahari 
desert. Geogr. J., 1929, 73. 


eed 

ngo f 
to 
the 
his 
ka, 
ing 
and 
the 
iloa 
uch = 
ayu 
ible 
ttle 
ngo 
€ it 
and 
the 
a in 

erm 
e of 
on 
rate 
rich ? 
heir 
and 
the 
| 
r to 
ural 
and 
ent 
the 
tur- 
ttle 
vast 


I. B. POLE EVANS 
H. Cuirrorp, A Reconnaissance of the Great Makarikari Lake. Geogr. J., 1930, 


H. Curson, Distribution of Glossina in the Bechuanaland Protectorate. 18th 
ept. Div. Vet. Ser., Pretoria, 1932. 

F. "i. ’Ngamiland and the Kalahari. Geogr. J., 1932, 80. 

A. MACKENZIE, Report on the Kalahari Expedition, 1945. Pretoria, 1946. 

H. Curson, Notes on the Eastern Caprivi Strip. S.A. J. Sci., 1947, 43. 

. B. PoLe Evans, Reconnaissance Trip through the Eastern Portion of the Bechuana- 
land Protectorate. April 1931, and An Expedition to ’Ngamiland. June—July 1935, 
Bot. Survey. Memoir No. 21. Pretoria, 1948. 

J. H. WELLINGTON, A New Development Scheme for the Okovango Delta, Northem 

Kalahari. Geogr. J., June 1949, 113. 


E. 
75. 
R 


94 
B. 

H. 

C. 

L 

H 
I 


(Received September 26, 1949) 


Ranching areas of 
Southera Africa. 


Eg Swampland to be 
Geveloped as permanent 
pasture. 


& Tsetse fly present. 


Miles 


100 200300 
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Showing condition of European-owned cattle in the northern Transvaal 
of summer where the grazing has been depleted 


Fic. 2. Good ranching country in the_Bechuanaland Protectorate 
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Fic. 3. Swampland in the Okovango delta 


Fic. 4. Rich pasturage of Kazungula Foxtail millet (Setaria sphacelata var. Kazungula) in 
the Okovango swamp 
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Fic. 5. Makarikari Buffalo grass (Panicum coloratum var. Makarikariensis) 


Fic. 6. Portion of "Ngamiland collection of grasses at Pretoria Grass Introduction 
Station 4 months after planting out. Setaria sphacelata var. Kasungula in foreground 
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Fic. 7. Kazungula Foxtail millet (Setaria sphacelata var. Kasungula)—4 months’ growth 


Fic. 8. Native-owned cattle waiting for water at a surface spring in the Bechuanaland 
Protectorate, showing the denuded area always to be found round water holes 
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TESTING AND MAINTENANCE OF POTATO CLONES 
J. G. BALD! anp C. E. W. OLDAKER? 


Introduction FROM many observations and yield trials with potato 
clones and varieties lr, 2] and from preliminary studies on the growth of 
potato plants [3] a salient inference has been drawn. It is not sufficient, in 
estimating the special attributes of a potato variety or clone, to conduct 

a number of yield trials and come to a decision by end-results alone. 
This is the conclusion at which workers usually arrive after making such 
tests. In the end attention is generally paid only to wide differences in 
yield between varieties, combined with special attributes like disease- 
resistance and tuber-type [4]. ‘The considerable but less obvious differ- 
ences that may exist amongst clones of a single long-established variety 
are often neglected. Where they are not neglected, the conclusion gener- | 
ally reached has been that ‘hitherto, no variation has been found which 
outcrops the typical plant of the variety and retains the same maturity 
date as the latter’ [4]. 

This and similar statements appear to be founded on the results of 
experience within a relatively limited environment. They are less likely to 
be a where the environment spreads to continental proportions, 
and the possible range of conditions may be on the one hand, tropical 
and, on the other, cold temperate. Our experience in Australia, where the 
range of conditions is of continental proportions, has been that man 
types of variation can occur within a single potato variety, some of whic 

0 not involve changes in maturity, and which yet may result in local or 
temporary improvements of yielding capacity above that generally con- 
sidered characteristic of the variety. It cannot be claimed that clones in 
which the improvements are found are necessarily better than the ‘typical 
plant of the variety’, because (a) the improvements depend so close y on 
the conditions of growth that they cannot be said to exist apart from 
them, and (b) it is almost impossible to define the ‘typical plant of a 
variety’ except by reference to these same conditions of growth. Even 
the standard of comparison, the norm, cannot be said to exist apart from 
the environment in which it develops. 

The second of these reasons is particularly applicable in Australia. 
Scientific investigation of local varieties has been undertaken only during 
the last 15 or 20 years; and, from among the range of types that constitute 
a single variety established before that time, it is difficult to select any 
one that might be regarded as representing the variety. The typical 
plant of the variety is no longer to be found. 

_ McIntosh [4] has listed and described the more extreme kinds of varia- 
tion within varieties of potato. Australian experience can produce a 
similar range of variant types. Superficially the most important variants 
arise mainly through alterations in maturity. The frequent division of 

' Formerly an officer of the C.S.1.R.O. of Australia and now of Division of Plant 
Pathology, University of California, Los Angeles. 

? Agronomist, Tasmanian Department of Agriculture. 

{Empire Journ. of Exper. Agric., Vol. 18, No. 70, 1950.] 
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varieties into clones of different maturity has introduced an unevenness 
of growth and ripening into seed-stocks not subjected to roguing or 
selection. During the earlier phases of certification in the various 
Australian States this unevenness was one of the principal faults of 
many crops submitted by farmers for inspection. It was eliminated only 
by phere selection and roguing of off-type plants. ‘This fact has been a 
constant reminder of the mutability of potato varieties. 

Variation in maturity has not been only a drawback. It has provided 
Australia with some of its most useful types of potato, e.g. the Victorian 
and Late Carman. It is now agreed [5, 4 that the related Early Carman 
is probably the American variety, Green Mountain. Although Early 
Carman may be slightly earlier than an average strain of Green Moun- 
tain, the maincrop Late Carman is very much later. Late Carman was 
apparently obtained by selection of the late-maturing clones that appear 
every now and then in crops of Green Mountain. It was found particu- 
larly suited to the Victorian environment. In south-eastern Australia the 
growing season is longer than in the north-eastern States of America, 
where Green Mountain has been so widely planted. Under these con- 
ditions Late Carman consistently produces heavier yielding crops than 

arly Carman or the original Green Mountain. 

Experience with the ‘Tasmanian Brownell has been somewhat similar, 
When first introduced into ‘Tasmania as Adirondack about 1907, the 
Brownell stock was fairly uniform. Before 1920, however, three dif- 
ferent strains were recognized by growers. ‘These were known as Small 
‘Top, Medium ‘Top, and Big 'Top, with maturation in that order. When 
seed improvement, based largely on the elimination of disease, came into 
operation some years later, it was found that much of the variation be- 
tween the three divisions was due to different degrees of virus infection. 
When stocks were finally cleared of most of the virus diseases, it was 
found that there were in fact two quite distinct strains, distinct in both 
habit of growth and maturation. These were officially listed as Medium 
and Late Brownell, although on account of the earlier nomenclature and 
the similarity between them, the two are still often referred to as Medium 
Top and Big Top respectively. 

In a general way, differences between top growth of the two strains are 
easily distinguishable. ‘The Medium is normally of spreading habit 
though sometimes semi-erect, compact, and with rather larger leaflets 
than the Late strain. The overall appearance is comparatively soft on 
account of a tendency to drooping by the leaflets. The foliage colour and 
inflorescence are similar in both strains but the Late Brownell, when 
compared with Medium, normally has a more stiffly upright vigorous 
appearance, somewhat open foliage, and with leaflets narrower, especially 
at the top of the stem. ‘There are comparable differences between Early 
and Late Carmans in Victoria [5]. 

Although the names Medium and Late Brownell are usually taken as 
an indication of maturity and seasonable suitability for planting, there 1s 
very little difference between the two strains at the beginning of tubera- 
tion, especially if they are planted at the same time in a mild ‘early’ 
position. The real difference lies in the fact that Late Brownell retains 
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its vitality more tenaciously, particularly through irregular seasonal con- 
ditions. In its normally longer life, when the plant is permitted to grow 
to maturity without being frosted or otherwise killed off, the Late will 
outyield the Medium. Although data derived from accurate field trials 
are lacking, Mr. A. N. Cooper, formerly Overseer at the ‘Tewkesbury 
Seed Potato Improvement Station, has repeatedly observed this result in 
large blocks of plants over a number of years. 

A striking change has taken place in the variety Bismark in ‘Tasmania. 
Here a modern strain of later maturing habit, probably quite distinct, has 
entirely replaced the old type originally introduced towards the end of 
the last century as Prince Bismarck. ‘The possibility of the present-day 
Bismark resulting from mutation has been considered but evidence 

reviously discussed [7] suggests that it more likely originated in the 
held as a seedling from a selfed potato apple. Freedom from virus X 
(FX) is probably responsible for its rather later tuberation and maturity. 

Such changes of maturity and habit within a variety are easily observed, 
but the characters of potato varieties that are capable of spontaneous 
change are not necessarily of this type. Even se they can be dis- 
covered by direct observation they are not always likely to be so obvious 
that they will be noticed. It is reasonable from the evidence of frequent 
changes in the noticeable characters to assume that comparable changes 
in more obscure characters occur at least with equal frequency, probably 
with greater frequency, because there are more obscure than obvious 
characters that are capable of alteration. 

The nature of many such obscure characters is uncertain or completely 
unknown, but some of them do appear to be linked with yield. ‘To help 
in the definition of such characters, an attempt was recently made to pro- 
vide a plan of development that offers some hope of auncilin variations 
in growth, maturity, and yield against a rational background [3]. The 
only feasible method of attaining sufficient understanding of clonal 
variation at present seems to involve studies in the physiology of growth 
and development founded on some such plan. Meantime, help can be 
obtained from yield trials and general observation in outlining a policy 
for the use of dum of a single potato variety. After describing some of 
our experiences with clonal potato stocks, mainly of the varieties Up-to- 
Date and Tasmanian Brownell, suggestions will be made for the selection 
of clones as foundation stocks for certified seed. 


Maturity Differences and Yield 

Table 1 gives a ranking for maturity of 13 Up-to-Date clones free from 
virus X and other virus diseases [1]. 

The observations on which it was based were made at Tewkesbury 
in Tasmania during the first season they were grown there. 
_ No. 117 was discarded because it had bolter characteristics. It is 
interesting to note that two clones as late maturing as 117, 265, and gro, 
were classed as normal. The difference in maturity between the earliest 
and latest clones was 2-3 weeks [1]. 

When these clones were planted in field trials there were generally 
significant differences in yield between some of them; but they could 
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TaB.e 1. Classification of 13 Up-to-Date Clones 
in order of Maturity 


Order of | Classification of 
Clone | maturation clone 
728 I Early 
441 a Early 
101 3 Medium early 
224 3 Medium early 
853 4 Medium early , 
36 5 Medium late 
597 5 Medium late 
158 6 Medium late 
166 6 Medium late 
950 6 Medium late 
265 Late 
g10 7 Late 
117 Bolter 


seldom be ranked for yield in the same order 2 years in succession or in 
two different districts during the same season. One stable fact that 
appeared whenever the clones grew to full maturity was that on the whole 
the late ones outyielded the early ones. If the growing-period of the late 
clones was seriously shortened by leaf-diseases or frost they might be 
outyielded by earlier clones. 

A series of yield trials with these Up-to-Date clones which illustrate 
some effects of maturity and clone icine is summarized in Fig. 1. 
The yields from single clones are plotted according to the maturity rating 

iven in Table 1. They have been reduced to a common percentage 

asis by dividing individual yields by the mean yield for the 8 or 12 FX 
Up-to-Date clones in the same trial. ‘The various trials or harvests are 
arranged in order, A to F, according to the stage of maturity they 
reached before they were harvested or the haulms were destroyed. A 
was harvested at the earliest stage of development, F at the latest. At 
stage A about half the possible yield of tubers had been produced, at 
stage C, about two-thirds, and at stage F, perhaps nine-tenths of the 
possible yield. 

A and C represent data from the main trial (first harvest) and the pilot 
trial (second harvest) of yield-trial 1, 1943-4 [2]. The design of each was 
a balanced lattice of 16 clones and varieties. As the pilot trial had plots 
of only 2 plants, the data were examined by covariance analysis and the 
effects of various emergence dates were eliminated by equalizing plant 
size at the first leaf-area rating [8]. 

B and E represent data from yield-trial 2, 1943-4 (Bald [1, 2]). There 
were 12 clones and varieties, 8 of them FX Up-to-Date, in 6 randomized 
blocks. B represents the data for the preliminary harvest of 4 plants from 
each plot. As in the pilot plot of yield-trial 1, the yields were equalized for 
uneven emergence, but whether or not this was done, the one significant 
difference between clones of the same maturity (101 and 224) was 
apparent. The haulms of E were killed by frost 123 days after planting. 


Pe 
q 
ame 


TESTING AND MAINTENANCE OF POTATO CLONES 99 


2 100} 72 265 / 
44/ x 
90} 224 
/ 
4950 
uw lOO} 224 090 
< —t — -950 
759 $597 ‘S 
9/0 
6 265 
16 N 
73 id 49 
"441 %224 
< 90F | 
> Tre): 
90F B56 
| 
A 
= 90 950 %265 


i 2 3 4 5 6 7 0 0 20 
PERCENT LOSS 
MATURITY FROM VIRUS X 


Fic. 1. Yields of Up-to-Date clones as percentages of mean yield in each trial. 
Six lots of yield data, A to F, are arranged in order according to the stage of develop- 
ment of the plants at the time of harvest. The clones are plotted along the ordinate 
according to a preliminary rating for maturity, early maturing clones to the left, late 
maturing clones to the right. Further to the right is shown the extent of losses due to 
infection with virus X at each stage of development. Horizontal lines represent differ- 
ences between infected and healthy stocks, S indicates significance and NS non- 
significance. The hatched curve suggests the progressive increase of losses due to 
virus X as the plants pass from maturity to senescence. 


B is placed above A in Fig. 1, as being harvested at a later stage of 
development, in spite of the fact that A was harvested 119 days after 
planting and B go days after planting. Trial 1 (A) was planted in October 
(spring), trial 2 (B) in December (summer). Trial 2 was in full flower 
41 days after planting, and trial 1 was coming into flower 57 days 
after planting. The int 


e-planted crop continued to go through its 
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development at a faster rate, and the records indicate clearly its more 
advanced maturity at first harvest. 

D represents a large trial, again of balanced lattice design, conducted in 
1944-5. There was a significant difference of g per cent. between the 
mean for FX clones and the standard X-infected stock, but no difference 
between FX clones and clones infected with a mixture of virus X con- 
taining predominantly the masked strain. In other trials very mild 
samples of virus X caused significant reductions in yield. 

The haulms in this trial had been killed prematurely by Alternaria 
blight at a stage of development that appeared to lie within the range 
between C and E. The extent of loss from virus X gave some confirma- 
tion of this: the loss in C was 9g per cent. but not significant, in E it was 
II per cent. and significant, as against a significant 9 per cent. in the 
1944-5 trial, D. 

The losses due to virus X and whether they were significant are shown 
on the right of Fig. 1 in histogram form. The dotted line to the left of the 
vertical base line at B represents an instance in which the yield of X- 
infected stock was 3 per cent. higher than the mean yield of the FX clones, 

F represents a yield trial in 1943-4 at the Tewkesbury Government 
Farm, north-western Tasmania. ‘The plants grew almost to normal 
maturity, but the latest clones were not quite ripe when the haulms were 
destroyed by frost. No fully infected stock of Up-to-Date was grown in 
this trial for contrast with the FX clones, and there is no figure for losses 
due to virus X. However, the general trend of losses deduced from other 
trials is indicated by the curve extended as a hatched line beyond the 
ange data. 

n spite of the various origins of these yield data, the six lots fall into 
a single series, suggesting a consistent reaction of clones under various 
conditions within the range of environment represented. The earliest- 
harvested trial, A, contained early and late clones yielding at about the 
same level. The trial uressied when the plants were approaching 
maturity, F, suggested that the later clones were on the average yielding 
higher than the earlier clones. There was a significant correlation be- 
tween yield and maturity. Similarly in lot E, the three medium-late 
clones, rated 6, together yielded higher than the three medium early 
= rated 3 and 4. They also yielded higher than the two late clones 
rated 7. 

a the period of development after the plants have reached 
a maximum size, when metabolites are almost entirely descending into 
the tubers, these differences gradually appear (D, E, F). First, clones of 
intermediate maturity yield highest, and ultimately if the growing period 
is extended sufficiently the latest maturing clones may yield above any 
others. The same generalization is true of the variety Brownell, which 
has already been discussed. 


Differences between Clones of the same Maturity 
Up-to-Date.—This generalization about the effects of maturity on 
yield have ignored individual difference between clones of similar 
maturity. Such differences may appear at intermediate stages of develop- 
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ment and disappear from the final yields [2]. There are four interesting 
examples of this evident from Fig. 1. At the first harvest of yield-trial 1, 
1943-4 (A), the late maturing clone, gro, was yielding more than the 
other clone of similar maturity, 265. At the second harvest of the same 
trial (C) the difference was reversed, whilst during an intermediate period 
represented by the first harvest of trial 2 of the same year (B), there was 
no difference. The higher yield of 265 was again evident at the stage of 
development represented by the 1944-5 trial, D, but not at last harvest of 
trial 2, 1943-4 (E), nor at the Tewkesbury trial (F). 

At stage B the medium early clone, 101, was yielding above 224, and 
the difference was seen again at stage C, but not later, 1.e. no difference 
was evident in D, E, F. There have been examples amongst the yield 
trials of 224 outyielding ro1. At stage D clone 36 was outyielded by 597. 
This difference also has been reversed in other trials. The last example 
of a difference between clones of similar maturity is seen at a later stage 
(E) between the two medium late clones g50 and 166. 

All these differences appear to have been of the same temporary nature. 
Such temporary differeaces might have no final results or they might 
affect yields in the following ways: 

1. If the growth of the plants is stopped prematurely by harvest, frost, 
or disease at a point where differences are evident, one strain will out- 
yield another. ‘The temporary difference becomes final; and erratic and 
unexplained variations in yielding capacity appear between clones of 
similar maturity. 

2. A temporary difference in yield may indicate a passing difference 
in physiological condition due to variations between clones in the rhythm 
of development. Very favourable or unfavourable growing conditions 
acting simultaneously for a short period on different clones might pro- 
duce differential effect on their further development. Temporary differ- 
ences in yield might be rendered permanent or even be reversed, and thus 
become evident in final yields. 

Many differences between clones in yield and adaptability to various 
climatic conditions might be explained by these two types of reaction. 

There was one difference between yields in a number of trials with 
these Up-to-Date clones that was consistent, but not related either to the 
order of maturity established in Tasmania or to any observed temporary 
deviations in development. It was possibly of another kind than those 
described in the previous paragraph (see later). In two trials made in the 
Murray Irrigation Area, in two in northern New South Wales, and in 
an unreplicated plot on the Atherton tableland in Queensland, number 
265 outyielded all other FX clones, whether or not there was evidence of 
reduction in yield by disease or other causes during the growing period. 
Clone 265 appears better adapted to a hot climate and growth during 
shorter days than the other clones. It is, for these areas, an exception to 
the rule laid down by McIntosh (v.s.) that aberrant forms of a variety are 
unlikely to outyield typical plants of similar maturity. Clone 265 is de- 
monstrably, although only slightly, different in leaf-characters from most 
other Up-to-Date clones, and under irrigation in the Murray Valley it 
produces a better type and shape of tuber. In that region it has been the 
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only Up-to-Date clone comparable from this point of view with the 
modern American varieties Katahdin and Sebago. 

The adaptability of clone 265 to the conditions imposed by a hot 
climate is not readily interpreted. On the other hand, the temporary 
differences between Up-to-Date clones of the same maturity may depend 
on the existence for short periods of different partition ratios for meta- 
bolites between haulms and tubers bl. These may well be reflected in 
transitory variations of size or physiological reaction of the haulm. Under 
the conditions of most trials so far made, however, such variations were 
not clearly evident. 

Brownell. In Tasmania, during the early years of potato-seed im- 
provement, field trials of the most promising Brownell clones were 
carried out each season at the Sonkedburs Station, 1,800 ft. above sea- 
level. These trials were made in co-operation with growers whose farm 
lands, chiefly at a lower altitude, represented important regions of com- 
mercial production. Through collaboration in this way some unexpected 
and useful information emerged, for instance, the reaction to environ- 
ment by two of the four Medium Brownell clones finally chosen from 
an original 1,250 single-plant selections. At ‘Tewkesbury one of these 
clones, known as M.B. 5, usually produced an average but not out- 
standing yield, although the plants were normally clothed with attractive 
and healthy foliage. At the same time a constitutional weakness was 
disclosed if the crop happened to encounter cold weather during the 
early stages of growth. ‘Temperatures some few degrees above freezing 
were sufficient to shock the plant and cause the leaflets to develop small 
chlorotic areas closely resembling those produced by a severe strain of 
Virus X. With the denkanaad of later foliage in milder weather this 
condition disappeared; but there was no doubt that a temporary growth 
check had 

At the same time, the other clone, M.B. 10, planted under similar 
conditions at Tewkesbury, usually produced more top growth and leafage 
that did not suffer injury from low temperatures. On no occasion have 
the small damaged areas similar to those appearing on M.B. 5 been 
recorded. This more attractive foliar development was always accom- 
panied by good tuberation, which placed the family in the foremost 
group with regard to yield, and certainly in advance of M.B. 5. 

The field trials for commercial testing of the various clones, or families, 
were conducted in districts in the coastal belt at a height not exceeding 
400 ft. above sea-level. At this lower level, the position was completely 
reversed. Over a period of years in replicated trials at several locations, 
M.B. 5 developed, each season, a more attractive appearance in the grow- 
ing crop and yielded significantly better than did M.B. 10. There was no 
ag i difference in the time of maturation between the two ‘clones’. 

ery similar to the reaction by M.B. 5 and M.B. 10 to environment 
was the behaviour of one clone of the medium-early variety Bismark, 
which was for some time included in a number of strains produced at 
Tewkesbury. Known as C.G., this clone produced good yields at the 
higher altitude; but in a series of yield trials conducted throughout 
coastal districts it produced less than other clones of similar maturity. 
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This line was discarded for the simple reason that crop returns were poor 
in that region of the State where early commercial production of the 
variety holds an important place. 


The Use of Clones for Certified Seed 


A feature of the clonal variations in yield at intermediate stages of 
development has been that although some clones appeared to be yielding 
well at almost any stage, others were at times below average. So far Up- 
to-Date 85 ; has been of the more stable type, and the pair 36 and 597 has 
given variable results (‘Table 1, Fig. 1). If these three clones grow to full 
maturity without accident, there is generally little to choose between them. 

In practice potato crops many times fail to complete their growth or 
are subject to unfavourable conditions during critical periods of their 
development. Therefore, a clone like 853 is to be preferred over clones 
like 36 and 597, at least for the range of conditions under which they 
have been tested together. 

Apart from choosing certain clones as suited to an environment, there 
is another general principle that may be applied. Clones 1o1 and 224 
have seldom been found at any stage very low yielding, but at times either 
101 or 224 has outyielded the other. To capitalize on this feature of the 
two clones, and to stabilize the yield from year to year, it might be 
advisable to grow a mixture of 101 and 224 where crops of medium early 
maturity are wanted. 

The methods that might be used for handling selected potato clones 
may now be outlined. The only way at present available of discovering 
if a clone is suited to a particular district is to grow it there beside other 
selections, or beside standard commercial crops of certified quality. 
The more often this test is repeated the better. The treatment of the one 
or more clonal stocks chosen as suitable for the district will depend on 
whether the certified seed can be grown in the district or whether the 
seed stocks must be grown elsewhere. Ifa single clone is chosen and can 
be grown in the district or by the farmer himself, the procedure will be 
that normally applied to foundation or certified stocks. If more than one 
clone is chosen for maintenance in the same district where they are 
finally to be grown they can either be maintained separately and mixed 
before sowing, or mixed permanently, and mass selections made for 
foundation stocks in subsequent years. The latter method might have 
the advantage of deciding automatically the proportion between strains 
likely to give the highest yield over a period of years in that district. 

If a single clone is grown at a more suitable locality, for a district in 
which there are difficulties in raising certified seed, the procedure again 
is that applicable to foundation or certified stocks. In the periodical 
selections of plants for foundation stocks during subsequent years, it 
might be advisable to take a sample of reasonable size for testing and 
planting, in case any variation or accidental infection should have occurred 
in the chosen material. 

If more than one clone is needed it would be advisable to maintain 
them separately. If they are mixed, and mass selection applied to the 
mixture in the seed-producing area, the local environment may not 
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encourage the proportion of clones most favourably in the district where 
the stocks will ultimately be grown. Maintenance of the separate clones 
is the normal practice for Brownell at the ‘Tewkesbury Station in Tas- 
mania. Four clones each of Medium Brownell and four of Late Brownell 
have, without evident variation, remained as the basal stocks at 'Tewkes- 
bury for 10 years. A system of single-plant selection and further growth 
in isolation for the examination and testing of succeeding generations is 
being conducted. 
Summary 

1. Simple yield trials are insufficient as a means of testing and charac- 
terizing potato varieties or clones. 

2. Variation in maturity between clones within the same variety has 
given stocks of Victorian Carman and ‘Tasmanian Brownell adapted to 
local environments. 

3. Ina study of twelve Up-to-Date clones those of later maturity on 
the whole gave higher yields than those of earlier maturity. ‘This rule 
did not hold when the growing-period was shortened by early harvest, 
frost, or disease. 

4. Examples are given of transitory differences in yield obtained when 
clones of the same maturity were harvested prematurely. It does not fol- 
low that two clones of similar maturity will pass through the various 
stages of their development at exactly the same time. 

5. These transitory variations between clones may be made final by 
early harvest or the incidence of particularly favourable or unfavourable 
conditions of environment at some stage in their development. 

6. Examples are given of variant clones of Up-to-Date and Brownell 
that are consistently capable of outcropping other clones of similar 
maturity when grown under certain environmental conditions. 

7. The use of clones as certified seed-stocks and their maintenance for 
this purpose are discussed briefly. 


Acknowledgements.—Our thanks are due to those officers in the Depart- 
ments of Agriculture of Tasmania, Victoria, and New South Wales who 
co-operated in conducting yield trials with clonal materials during the 
period 1943 to 1947. 
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THE PRANG BESAR (MALAYA) EXPERIMENTS IN THE 
SELECTION AND PROPAGATION OF HEVEA 


R. J. CHITTENDEN! 
(Geneticist, The Prang Besar Rubber Estates Ltd.) 


Budgrafting.—DuRING 1921-4 Major Harry Gough, who was responsible 
for the original work on Prang Besar Estate, cleared some 1,100 acres 
of jungle and planted the land with 618 clones made from bud parents 
which had been selected from a total of about a million mature trees 
growing in the district of Kajang in Selangor. After reaching maturity 
the most promising 100 clones were test-tapped. Later the number of 
Gough’s clones recorded was reduced to 30 and eventually to 16. 
Nothing was known of genetic factors in rubber and it was impossible 
to select on unit genetic characters. But unit phenotypic characters such 
as habit, yield per inch of bark, yield per cubic cm. of bark, yield per 
latex-vessel row, number of latex-vessel rows, thickness of bark, girth, 
&c., were recorded. 

Selection of bud parents.—Fully mature seedling trees are often found 
with smooth surfaces at the tapping height, but with wavy or bumpy 
surfaces higher up the trunk. ?, such trees are selected as bud parents 
they may transmit to their vegetative offspring the bumpy character at 
tapping levels. If trees which have been low yielders in early tapping 
years but have come into high yield, say after the twelfth or fifteenth 
year, are selected as bud parents, they may reproduce in their vegetative 
progeny this character for delayed high yields and be uneconomic. 

Development of new clones.—(a) Preliminary proof. In the early stages 
of this work at Prang Besar all hand-pollinations were made into clones 
which were interplanted with one of the ‘proved’ primary clones as 
control. In later years only the best of the hand-pollinations, after a 
period of tapping, were selected for vegetative propagation. 

(b) Further proof. After 2 years of tapping under preliminary proof, 
clones which had exceeded the yield of the control by :}-1} times were 
again planted for further proof in randomized and duplicated blocks, 
each clone occupying about 1 acre. The secondary characters or 
vegetative characters of these new clones such as habit, bark renewal, 
trunk roundness, liability to Brown Bast or wind damage, &c., were 
taken into account and none was selected for small-scale planting on 
estates before the completion of 2 years of tapping. In this further 
proof test the control has usually been P.B. RP one of the highest 
yielding clones in the East. 

Top-budding.—A few budgrafts of various types have been experi- 
mentally top-budded with another clone. The tapping surface would 
thus be of one clone; the crown of another. The experiment was suc- 
cessful, indicating the possibility, for example, of putting a crown of 


' We regret to record the death of the author on December 6, 1949.—Edit. 


{Empire Journ. of Exper. Agric., Vol. 18, No. 70, 1950.] 
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non-wind — habit on a high-yielding trunk. Similar work was 
done by Fords in Brazil with the object of growing a crown resistant to 
South American Leaf Disease on a high-yielding trunk. Top-budding 
can of course be employed in seed gardens when it is desired to replace 
one clone with another. 

Vegetative propagation—Rubber is a most difficult plant to root 
vegetatively. Marcots have been made but they are eonll those from 
the young main stem of a seedling. Experiments on Prang Besar with 
cuttings from buddings were quite unsuccessful. The only easy means 
of propagation is by budding. Here again there are peculiarities. Bud- 
dings made from a young seedling main stem may reproduce the conical 
growth of a seedling, though buddings again made from them will revert 
to the cylindrical type of trunk typical of buddings. The budding tech- 
nique (Forkert) is too well known to need description, but there is one 
point to be noticed: a plant with a ‘flushing’ apical bud is usually too 
difficult to strip for budding. Stocks aeull therefore not be manured 
later than 3 months before budding. 

Breeding work.—Breeding work began in 1928, and continued without 
interruption up to the Japanese occupation. It was resumed again in 
1946. Some 81 acres of hand-pollinated trees are now under observation. 

Rubber is a difficult plant to breed. The percentage of success, even 
when fertile females are selected as the basis for any diallel series, may 
vary between 0-6 and 20, the average being usually 5. 

Hevea possesses 36 chromosomes diploid. Heusser’s drawings of the 
reduction division appear to show some irregularities. This may account 
for some of the sterility found in some of the clones. 

Isolation gardens.—On the strength of a selection of high yielders on 
unit phenotypic characters and before the results of breeding experi- 
ments became known, seed gardens, well isolated from any other rubber, 
were laid down in 1928. The seeds obtained from these gardens, known 
as P.B.I.G.S. (Prang Besar Isolation Garden Seed), have since been 
planted in all districts of Malaya, and also in other countries, with satis- 
factory results. Yields from P.B.I.G.S. and proved clones are compared 
in Tables 1 and 2. 

Subsequently seed gardens were laid down as a result of breeding 
work, as well as isolated monoclone gardens, the latter mainly for the pur- 
pose of determining the degree of selfing which might occur in selected 
clones. It was found that one clone (clone A) which crossed well with 
many others in diallel crosses was almost certainly self-sterile. Clone A 
was then planted in a garden with three other clones with which it was 
known to give good progeny. The seed from clone A could be fairly 
safely regarded as a cross with one of the other constituent clones, and 
since clone A was alternated in each row with one of the other three 
clones, many if not most of the seed from the latter might also be ex- 
pected to come from crosses with clone A. This type of seed is considered 
to be the highest grade so far produced on Prang Besar. 

More recently new isolated seed gardens planted with improved 
clones made from selected hand-pollinations have been laid down. 

Isolation Freedom from roguing will naturally depend on the dis- 
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TaBLe 1. The Kuala Ketil Estate Experiment 


A 6x6 Latin square layout (each block of 44 acres) to compare the following material: 


1. Proved clones (P.B. 186, 183, 86). 
. P.B.1.G. seed. 


2 

3. P.B. natural clonal seed. 

4. Natural seed of high-yielding old-fashioned rubber. 

5. The following results are averages obtained after allowing a few months of tap- 
ping before recording was started. Owing to the Japanese occupation the details 
required for calculations of error are not available. 

Yield per acre per month in pounds dry 
| | Total 
1941 for 8 
Material | July | Aug. | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. | months 
Budgrafts 460 | 43°6 | 37°5 | | | | 57°9 | 388-0 
P.B.I.G.S. | 64°6 | 71°6 | 71°3 | 64°7 | | 626-0 
P.B. natural seed | 42°8 | 42°3 46°9 | 41°8 | 55°5 | 60:1 63:8 | 418-0 
Old-fashioned | 
| 


natural seed . | | 25°6 | 30°9 | 27°6 | 37°7 | | 43°97 | 280°4 


tance of a seed garden from other rubber and also on the nature of the 
intervening barrier. The small selfing plots mentioned above were 
isolated by 30 chains of heavy jungle: the commercial seed gardens were 
laid down at about 2 miles from each other in coconut country giving 
some 15 miles of protection from the pollen of any other rubber. 

Hevea is almost certainly insect pollinated. Many insects are reported 
as taking part in pollination, including the mosquito. Small bees, how- 
ever, appear to be the most active pollinating agents and, judging from 
observations in England, they are good systematists, anh will usually 
visit only one species of flower at a time. This would suggest that an 
outer 5 chains or so of a seed garden might of itself, i.e. without isolation, 
serve as an effective barrier to allow of seed of adequate purity for com- 
mercial purposes being gathered in a central area. Insects visiting the 
outer 5 chains would tend to cleanse themselves of undesirable foreign 
pollen, and pick up the desired type before reaching the seed-collection 
area. 

The adequacy of isolation can in some measure be tested provided the 

approximate proportion of yellow-leaved seedlings thrown by one clone 
when selfed is known. Thus if two clones, one throwing a proportion of 
we seedlings on selfing and the other always giving green- 
eaved seedlings, are planted in mono-plots at different distances apart, 
the proportion of yellow-leaved seedlings in the clone throwing this type 
would be reduced from the normal proportion if the distance separating 
the plots was inadequate. 
_ Layout of seed gardens.—Clones should naturally be intermixed as 
intimately as possible, preferably with more fertile types alternating with 
other desirable but less fertile types. Various planting distances have 
been tried, e.g. 30 x 10 ft. and 40 x 5 ft. and more recently a triangulated 
double row 5 ft. apart with a 60-ft. avenue between the double rows. 
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Constitution of seed gardens. \t has been considered desirable to use a 
number of clones rather than one or two. Few clones—'Tj. 1 may be an 
exception—are known to give good selfed seedlings. If only two clones 
are used there may be a lack of overlap in flowering in different seasons 
and an undue proportion of selfed rites In polycloned plots some of the 
clones at least should overlap in flowering, so that the majority of the 
seed gathered would be from several of the desired crosses. 

Clonal seed. —Several Prang Besar clones give yellow-leaved seedlings. 
In selfed seed this is usually on a 57:7 ratio in 15 per cent.). The 
ratio can be interpreted genctically on a three-factor basis but such inter- 
pretation would a cumbersome. 

Certain clones give only green-leaved seedlings even when crossed 
with a type throwing yellow-leaved seedlings. 

The number of seeds which do not germinate in both the clones 
throwing yellow-leaved and those giving only green-leaved seedlings is 
about the same and varies between 10 and 20 per cent. 

There are several types of yellow-leaved seedlings, some which in 
shade are green but on exposure to the sun go yellow, some which start 
yellow and whose older leaves tend to turn green, and the light-yellow 
type which remain yellow. Ycllow-leaved seedlings have been field 
planted experimentally and some have grown normally, but they are not 
recommended though they could be used as stocks for budding. 

Seedlings v. buddings.—Isolation garden seed from well-constituted 
seed gardens have in many cases given yields in excess of some of the 
primary proved clones. ‘Though these seedlings have varied a little in 
their behaviour in different localities, because of their heterogeneity, 
failure to suit any one locality will be a lesser risk than in the case of 
homogeneous budgrafts. 

The merits of budgrafts and of seed as planting material are often de- 
bated by planters, but in all probability the advantage of one over the 
other may be subject to fairly regular cycles. As new buddings arise from 
improved seedlings—usually hand-pollinations they may have an im- 
mediate vogue, but may be superseded later as new strains of seed arise 
from the new clones. ‘Thus one type of material may continually displace 
the other. The development of anything like a pure strain of seed, how- 
ever, should be regarded as very unlikely in the immediate future. 

Planting out.—-Whether it is intended to form a field of P.B.1.G. seed- 
ling rubber or of using ordinary seed to give material for budding, the 
usual method on Prang Besar is to plant out some 4 weeks after germina- 
tion when the lower leaves of the seedlings are turgid and horizontal. 
The germinated seed is first transplanted to a basket, filled with good soil, 
in a shaded basket nursery. ‘The shade from this nursery is gradually 
removed some 7 days before planting out to harden off the plants. 

If the plants have been grown from ordinary seed for budding the 
clearing is usually budded about a year after planting out. Budded 
stumps planted direct from the nursery are not usually very successful 
in this country unless there is very fortunate weather. Stumped bud- 
dings, i.e. budgrafts which have been allowed to grow for about a year in a 
nursery and have a foot or more of brown wood, are often more successful. 
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In a lesser degree they are also susceptible to weather conditions. Bud- 
grafting on established plants in the field is the most reliable method. 

Clones for commercial planting.—In addition to the results recorded on 
Prang Besar, the behaviour of the older clones on various soils and under 
various conditions throughout Malaya is known, so that large-scale 
planting of some can be undertaken with confidence. 

Of the newer clones, few have as yet been grown under very widely 
differing conditions and large-scale shntien may not be advisable except 
on Estates where performance has come up to expectation. Records 
relating to the newest clones are available only at Prang Besar. 

Since the behaviour of a clone at the Estate of origin may not be 
repeated in every other situation, small-scale planting of new clones to 
ascertain their suitability to a particular locality is advocated. Managers 
often obtain useful information concerning new material from estates 
neighbouring their own. 

Stocks for budding.—It is not essential to select seed from high yielding 
trees for stocks. The main requirement is vigour, so that plants may grow 
to buddable size as early as possible. In Hevea, unlike apples, the scion 
appears to be dominant in controlling growth. In Prang Besar experi- 
ments using 3 scions on clonal seedling stocks of varying degrees of 
vigour, and on seedlings of unselected old-fashioned rubber (in 5 rando- 
mized and duplicated plots covering in all 19 —- it was found that the 
scion in each case took complete control. The early difference in growth 
between scions on the weakest and on the strongest stocks had by the 
third year after budding disappeared completely. 

A point of interest which emerged from these experiments was the 
slightly greater compatibility observed as between stock and scion ina 
clone when budded on its own seedling stock, thus confirming the experi- 
ence of Heusser. 

Nursery tests for seedlings.—Various tests have been devised for the 
selection of nursery plants of about 1-year-old. One of the best known is 
the Cramer test in which V-cuts on a half-diameter are made and the 
distance down the stem to which the latex from the cuts descends is 
observed. A modification of this was used on Prang Besar but was con- 
sidered unsatisfactory for the following reasons: 


1. The test gave precedence to plants having a latex of low rubber- 
content and a high degree of duidit ; 

2. The condition of the apical bud, aie dormant or flushing, was 
found to affect the flow of latex. 

3. Plants which ranked as high yielders at 1-year-old did not all con- 
tinue to be high yielders in later years. It is thought that this very 
early test may probably reveal the early maturing types, but not 
necessarily those which will be high yielders under long-term com- 
mercial tapping. 


Early field-test tapping —The test tapping of a field of seedling 
rubber when about 3 years of age, in accordance with the method known 
as the Hammaker-Morris-Mann test, is of value in making selections of 
the poorest yielders for thinning out. 
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Rubber tests —The development of budded rubber has brought with it 
new problems relating to processes in manufacture, for some clones are 
known to yield latex of sub-normal stability. Bobilioff (Archief 1924) has 
shown that the younger organs of Hevea Brasiliensis give a latex o 

reater enzyme-content than that from the mature bark. Thus if the 
budgraft retains the physiological characteristics of the branch or the bud 
of the bud parent it would perhaps explain the tendency of some clonal 
latex to pre-coagulation od to a yellowness of colour. Tests of rubber 
quality were carried out pre-war on some of the Prang Besar clonal 
latex and differences were reported. It may be stated that P.B. 186 had 
asoft rubber. These quality tests have been resumed and breeding work 
is now concentrated on the development not only of high-yielding types 
with good secondary characters, but also of types yielding a stable latex 
and especially a white latex suitable for crépe production. 


Acknowledgements.—My thanks are due to the Prang Besar Estates 
Ltd. for permission to contribute this paper, and to Mr. R. O. Jenkins, 
the previous Manager of Prang Besar Estate, for reading the draft and 
making suggestions. 
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THE APPETITE OF LAMBS GRAZING COBALT-DEFICIENT 
PASTURE 


P. K. DAS ann JAMES STEWART 
(Animal Diseases Research Association, Moredun Institute, Edinburgh 9) 


CoBALT-DEFICIENCY of the soil and pastures has been established as the 
cause of a marasmic condition of lambs known as ‘pining’ or ‘vinquish’ 
in many parts of Scotland [1, 2, 3]. Cobalt therapy, by either feeding 
mineral mixtures rich in cobalt to the lambs or top-dressing the deficient 
pasture with cobalt-rich fertilizers, has proved most successful as a 
preventive, but we are still ignorant of the exact role played by cobalt 
in animal physiology. 

Many shepherds and farmers have reported that lambs seem to 
eat the cobalt-dressed pasture better than the cobalt-deficient pas- 
ture [4]. This would suggest that lambs grazing on cobalt-deficient 

asture may suffer from loss of appetite and consequently could not 
ingest as much food as the lambs grazing on the cobalt-dressed pasture. 
It was, therefore, considered possible that cobalt might have a controlling 
influence on the appetite of lambs, and the following experiments were 
carried out to assess the difference in appetite between comparable 
batches of lambs grazing cobalt-deficient and cobalt-dressed pasture. 

It had been shown by Stewart and co-workers [3] that the ‘pining’ in 
lambs in certain districts of Kirkcudbrightshire was due to uncompli- 
cated cobalt-deficiency; and a farm in this area, on which the above 
authors had carried out their field experiments, was selected as the most 
suitable for the present investigation. 

A field of 22 acres had been divided into two equal areas by an im- 
passable wire fence. The soil of this field was a well-drained brown to 
dark-brown medium loam, derived from a glacial drift consisting of local 
granite, but containing a discernible admixture of graywacke, mudstone, 
and sandstone fragments. In April 1945 a top-dressing of superphosphate 
at the rate of 1} cwt. per acre had been applied to pia | of the field, 
but the other half receiving 1} cwt. superphosphate per acre had 2 |b. 
of cobalt sulphate mixed with each 1} cwt. of superphosphate applied. 
In July 1945 it was shown that the cobalt-deficient pasture contained 
0-09 p.p.m. cobalt, and the cobalt-treated pasture 0-38 p.p.m.; by August 
1945 the lambs grazing the former had a mean live-weight of 46°8 |b. 
whilst a comparable batch of lambs grazing the latter had a mean live- 
weight of 67-1 lb. On this field, therefore, it was decided to carry out the 
following experiments during 1946. 

As it is impossible to measure directly the appetite of lambs on pasture, 
the indirect method used by Woodman, Evans, and Eden [5] was 
adopted. By use of a type of harness, faeces were collected in a special 
waterproof bag attached to the hind quarters of the animal that could 
be opened and closed by a zip-fastener passing down the whole length 
of the median line of the bag. The faeces were thus removed very simply 
without unfastening the harness or detaching the bag. 

[Empire Journ. of Exper. Agric., Vol. 18, No. 70, 1950.] 
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Woodman et al. [5] showed that if the daily output of faeces by each 
sheep over a given period is known and if, during this period, the 
digestibility of the herbage is determined by independent digestion 
trials on other sheep, it is possible to calculate the mean daily pasture 
consumption of sheep over the period of measurement. From their data 
it can be shown that the faecal excretion, calculated on a dry-matter 
basis, Was approximately le toe to the dry-matter intake. If we 
assume that this is true for all grazing sheep, and there is no reason to 
doubt it, then it is possible to compare the appetites of different animals 
and groups of animals kept under similar conditions of grazing, by com- 
paring their faecal excretion. 


The Grazing Experiment 1946 


In a preliminary investigation carried out in July 1946, two groups of 
lambs had been selected in April when only 2 weeks of age, one group 
of 15 lambs being placed on the cobalt-dressed pasture, and the other 

roup of 11 lambs on the cobalt-deficient pasture. ‘The two groups were 
ke t continuously on their respective sides of the field from April to 
July. On July 10, 4 lambs from each group were selected, equipped with 
harness, and allowed freedom to graze at will on their own sides of the 
fence. Each day for 7 consecutive days the faeces were collected and 
weighed. Representative aliquot portions were kept for determination 
of dry matter. 

Only a very small variation was evident in the daily and weekly totals 
of the faecal excretions of both groups of lambs; the cobalt group ex- 
creted 67:5 oz. over the week, the daily excretion varying from 8-5 to 
10°8 oz., and the low-cobalt group 65-0 oz. with a daily variation 7-7 
to 9:2 oz. When the lambs had been weighed on July 2 the live-weight 
of the group grazing the cobalt-deficient pasture had been slightly higher 
than that grazing the cobalt-dressed pasture—mean live-weight of 63-9 
lb. as compared with 60-4 Ib. At the beginning of July the clinical symp- 
toms of cobalt deficiency are seldom detectable, so that one might expect 
little difference in either live-weight or appetite till the disease process 
has begun to manifest itself. 

The investigation was repeated in August, the same lambs being used. 
They had been grazing continuously on their respective sides of the field 
since the previous observations in July. On this occasion each lamb was 
marked individually in order that the individual variation in faecal ex- 
cretion could be observed. 

The dry-matter values of the faecal excretion of the two groups of 
lambs are shown in Table 1. 

The daily variation in the faecal excretion of the individual lambs was 
very small and, indeed, it is the constancy of the faecal excretion from 
day to day which shows that the harness, weight of faeces-bag, and 
general restraint of this technique did not affect the lambs significantly 
and justifies this method of approach to such problems. 

Unfortunately in both groups one animal was excreting much more 
faeces than the other members of the group and the heavy excretion of 
no. 3 of the cobalt group tends to mask the real significance of the results, 
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TABLE 1. Faecal Excretion 1946 (oz. of dry matter) 


Cobalt group Low-cobalt group 
Lambs | Tetal for week | Daily range | Total for week | Daily range 
I 70 S-11 42 5-7 
2 83 11-13 73 Q-12 
3 136 18-21 58 7-9 
4 56 7-10 = | 6-8 
Total 345 | 225 | 


but it would seem that the faecal excretion of the lambs grazing cobalt- 
manured pasture was much higher than that of lambs grazing cobalt- 
deficient pasture. 

On August 8 the average weight of the cobalt group was 83 Ib., but 
the corresponding weight of the other group was only 7o Ib. It is of 
interest that no. 1 of the low-cobalt group, whose average faecal excretion 
was only 6 oz. per day, was beginning to show all the usual clinical 
symptoms of ‘pining’. 


The Grazing Experiment 1947 


In view of the results obtained in the 1946 investigation it was 
decided to repeat the experiment in 1947, and to use the same field for 
the experiment. Although one top-dressing with cobalt at the rate of 
2 Ib. of cobalt sulphate per acre is effective in preventing ‘pining’ for at 
least 3 years, the dressing given to the field in 1945 was repeated, in order 
that there would be a large and significant difference in the cobalt- 
contents of the herbage on the two sides of the fence. In March 1947 
the half of the field which had previously been dressed with cobalt 
received a top-dressing at the rate of 2 lb. of cobalt sulphate plus 1} cwt. 
of superphosphate per acre, whilst the other half was top-dressed with 
superphosphate only, at the rate of 1} cwt. per acre. In April 1947, 8 
ewes with twin lambs were placed on each half of the field. All the lambs 
were born within ro days but unfortunately 1 lamb on the cobalt-deficient 
pasture and 2 lambs on the cobalt-dressed pasture died not long after 
the start of the experiment, but the cause of death was unconnected with 
the experiment. The remaining lambs were kept continuously on their 
respective sides of the field till the experiment ended in September 
1947. At the beginning of July 5 lambs were selected at random from 
each group and numbered, in order that individual samples could be 
obtained. On three occasions at monthly intervals—from July 8 to 14, 
from August 10 to 16, and from September 21 to 27—the faeces of the 
numbered lambs were collected and weighed daily for 7 consecutive 
days, as described previously. The faecal excretion, on a dry-matter 
basis, of the two groups of lambs at the three sampling periods, is given 
in Table 2. 

The individual daily fluctuation in faecal excretion in any one period 
was very small, which was in agreement with the 1946 results. 
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Even in July 1947 there was a marked difference in the faecal excretion 
between the two groups. This can be correlated to the difference in live- 
weight as shown in Table 3—the average live-weight of all the members 
of the group grazing the cobalt-deficient pasture being only 80 per cent. 
of the average live-weight of the group grazing the cobalt-dressed 
pasture. 


TABLE 3. Lamb Live-weights in 1947 


| Range of | Mean 
No. of weight weight 


Group | Date lambs lb. lb. 
Group of lambs grazing cobalt-dressed 
pasture. 6.7.47 14 32-57 45 
” ” ” ” 7.8.47 14 5275 64 
= 18.9.47 14 76-101 85 
Group of lambs grazing cobalt-deficient 
pasture 6.7.47 15 26-46 37 
” ” ” ” 7.8.47 15 32-63 46 
” ” ” ” 18.9.47 15 32-85 52 


In August 1947 the faecal excretion of the 5 lambs grazing the cobalt- 
deficient pasture was only 46 per cent. of that of the 5 lambs grazing the 
cobalt-dressed pasture. fod no. 5 of the low-cobalt group, the lamb 
excreting most faeces in this group, excreted 49-8 oz., whereas lamb 5 
of the cobalt group, the lamb excreting least in this group, excreted 
63-9 oz. In August the live-weight difference between the two groups 
had increased considerably—that of the cobalt group by 1g lb. since 
July, whereas the low-cobalt group had only increased by g lb. 

During the September trial it was unfortunate that lamb 3 of the 
cobalt group had to be withdrawn from the experiment, since it was 
—s and it was found impossible to collect the faeces from the 
canvas bags. Again the difference in faecal excretion between the two 
groups was most marked, the total excretion of the four lambs of the 
cobalt group for 7 days being 380 oz. and that for the five lambs of the 
low-cobalt group only 202-1 oz. The average live-weight of the two whole 
groups on Rastconine 18 was 85 lb. and 52 lb. respectively. The group 
grazing the cobalt-dressed pasture had made an average gain in live- 
weight of 40 Ib. since July 6, whilst the group grazing the cobalt-deficient 
pasture had gained only 15 lb. The weight of the heaviest member of 
the cobalt group was 101 Ib. on September 18 and the weight of the 
highest member of the low-cobalt group was 85 lb. Lamb 4 of the cobalt 
group excreted 118-2 oz. in the 7 days whereas lamb 3 of the low-cobalt 
group excreted only 28-8 oz. 


Discussion 


The findings of Woodman et al. [5] would appear to show that the 
amount of faeces excreted by sheep at pasture is proportional, on a dry- 
matter basis, to the amount of pasture ingested. In the present set of 
experiments it was found impracticable to carry out experiments to 
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establish the digestibility coefficients of the pasture on which the animals - 
were grazing, and therefore we were unable to determine accurately the 
amounts of pasture ingested day by day, but since our experiments were 
carried out under conditions very similar to those of Woodman and his 
colleagues there can be little doubt that the faecal excretion was propor- 
tional to the amount of pasture eaten. From the results given above, 
therefore, it is clearly indicated that the lambs on the cobalt-deficient 
pasture were not eating as much as those on the cobalt-dressed pasture. 
Moreover, both pastures up to the time the experiments started had been 
one field, receiving the same manurial dressings and sown with the same 
seeds-mixtures for many years and therefore unlikely to have differed 
much in either innical compediiion or nutritive value; and during the 
experimental period the only difference should have been in cobalt- 
content. 

Recent research work in Britain and Australia has suggested that 
cobalt is an essential element for the growth of bacteria in the alimentary 
tract, and future work may show that cobalt deficiency affects the rumi- 
nant, not by any direct influence on the metabolism of the host, but by 
interfering with the growth of the micro-organisms necessary for efficient 
rumination and other physiological processes, and thus perhaps with 
the appetite. It may be argued, therefore, that the change in the weight 
of faeces may be due to change in bacterial growth rather than appetite, 
but in the present experiments the difference in the weight of the faeces 
between the two groups was so large that it is not considered very likely 
that this difference in weight oma be accounted for by difference in 
weight of bacterial bodies. The authors contend that it is more likely to 
be > to difference in appetite. 

The clinical symptoms of cobalt deficiency are those of marasmus— 
the wasting away of tissues of the body due to insufficient or imperfect 
food supply. From the results of the present series of experiments it is 
suggested that the low intake of pasture by the lambs grazing the cobalt- 
deficient pasture might account for all the clinical symptoms of cobalt 
deficiency, and that the low intake of pasture might be due to the low 
cobalt-content of the food interfering with the physiological controls 
of appetite. 

Little is known concerning the physiological processes controlling 
appetite in ruminants, but it could be presumed that any serious in- 
terference with normal rumination would affect the appetite of lambs; 
this problem and cognate ones are being actively pursued. 


Summary 

By measuring the faecal excretion of groups of lambs grazing cobalt- 
dressed and cobalt-deficient pasture it was ascertained that the lambs 
grazing the cobalt-deficient pasture were not eating nearly as much as 
those grazing the top-dressed pasture. The authors suggest that the 
clinical symptoms of cobalt-deficiency, i.e. marasmus, might all be due 
to the low food-intake, and that the low intake might be due to the low 
cobalt-content of the food interfering with the physiological controls of 
appetite. 
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THE CONTROL OF THE TICK (IXODES RICINUS L.) 
ON GRASSLAND 


E. E. EDWARDS! anv D. R. ARTHUR? 


Tue problem of controlling the tick, Ixodes ricinus L., is now of great im- 
portance to the agricultural community throughout the tick-infested 
areas of Great Britain. So much has been heard recently of the severe 
annual losses of cattle and sheep from this pest that any elaboration of 
this aspect of the subject is unnecessary. Farmers, ee the part 

layed by the tick in the diseases responsible for these losses, are becom- 
ing desirous, should economic factors permit, to join in any campaign 
designed to effect control of this pest. Much work on its control has 
already been undertaken in recent years by several workers in this 
country [1-8], but their efforts have ca concentrated on attacking it 
with acaricides while occurring on its host, which appears to be the most 
logical method of approach under hill-farming conditions where sheep 
are the primary hosts. 

Mail [9] has contended that acaricidal treatment of pastures is too ex- 

ensive to be practicable, and MacLeod [6] that in Great Britain the 
fabite of the tick and the character of the countryside prohibit such an 
approach. The present writers have, however, found that the tick- 
infested zones in Wales, at least in the southern half, are largely con- 
fined to the low-lying pastures with their boundaries well defined, the 
average area being less than 50 acres. Further, only a small number of 
fields are involved on the affected farms, and usually all of them are 
readily accessible to treatment by agricultural machinery. The approach 
to the problem in the present investigations was twofold, one being by 
surface-cultivation followed by acaricidal treatment, and the second by a 
complete alteration of the habitat of the tick by ploughing and other 
drastic cultural operations. 

In this paper the results obtained from the first aspect only are dis- 
cussed. The investigations were conducted by the writers in 1945 and 
1946 when stationed at the University College of South Wales and Mon- 
mouthshire, Cardiff, and the delay in the publication of the results is 
mainly attributable to the departure of both writers shortly afterwards 
for their present appointments. 

Experimental area.—The investigations were carried out at Rudbaxton 
Farm, Haverfordwest, Pembrokeshire, where severe outbreaks of tick- 
borne red-water in cattle had recently become established. It was dis- 
covered that four fields on the affected holding were infested with the 
tick Ixodes ricinus. Treatments were, however, applied only to field 
O.S. Rudbaxton 620, as it was the only one ite an extensive area 
covered with a uniform vegetation. This is'a fundamental consideration 
in all field trials for the control of this pest. 


1 Department of Zoology, University College of the Gold Coast. 
2 Department of Zoology, King’s College, University of London. 
[Empire Journ. of Exper. Agric., Vol. 18, No. 70, 1950.] 
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An analysis of tick populations and incidence of red-water disease on 
the four fields is summarized in Table 1. From the standpoint of tick 
populations the data assembled have been considered in relation to well- 
— areas on dry land and poorly grazed areas on wet rushland in the 

our fields, these two types existing side by side in each field. The rush 

areas in fields O.S. Rudbaxton Nos. 683, 635, and 633 were patchy, but 
the rush region in field O.S. Rudbaxton No. 620 covered approximately 
10 acres in a compact tract of ground admirably suited for separation 
into experimental plots and for surface-cultivation. 


TABLE 1. Incidence of Red-water Fever and Nymphal Ticks (I. ricinus) 
on Four Fields at Rudbaxton Farm in 1945 


Incidence of red-water Tick population 
Wet rushland Dry grassland 
Field No. of cattle| No. of | No. of | No. of ticks | No. of | No. of ticks 
no. suffering deaths drags \ per drag drags per drag 

O.S. 683 3 | 20 or! 40 ° 
O.S. 635 I ° 20. 20, 0°45 
O.S. 633 : 8 3 ms | 1°73 18 | ° 
O.S. 620 8 60 20°9 | 0°84 


Experiments designed to control the ticks were begun in field O.S. 
Rudbaxton 620 on May 29, 1945, when the spring season of activity of 
the tick is on the wane, judging from the observations of Milne [10] in the 
north of England, and Edwards and Arthur [11] in South Wales. The 
experimental field was topographically divisible into a wet, flat, marshy 
area on the west side and a dry tract of land with a gentle slope towards 
the west. The former was poorly grazed, consisting predominantly of 
Juncus communis, with ‘yellow flag’ (Iris pseudacorus) in the ill-drained 
hollows. The dry area, dominated by bent and crested dogstail with an 
abundance of thistles and plantains as subdominants in places, was hard 
grazed and as a consequence exceedingly free of matted turf. The 
information presented in Table 1 shows that, even without a statistical 
test, the tick exhibits a marked preference for the wet rushland where 
the tick population was 25 times more numerous than in the adjacent 
well-grazed pastures. The factors involved in this particular preference 
have been discussed elsewhere [12]. 


Field Control Trials 


The experiment was conducted on 7 acres of the rush zone in field 
O.S. 620 (Fig. 1). This area was divided into 13 plots, each measuring 
5040 yds. or approximately half an acre. Prior to treatment the 
vegetation on plots 1-5, 1a—5a, and 7 were cut with a mowing machine. 
The arrangement of the plots is given in Fig. 1, five of which were disk- 
harrowed og 1a—5a), five plots were pitchpole-harrowed (Plots 1-5), 
and three left as untreated controls (Plots 6, 6a, and 7). Of the control 
plots, the rush and coarse vegetation was mown on one of them (Plot 7) 
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as on the treated plots. The materials applied to the different plots were 
as follows: 
(a) Dichloro-diphenyl-trichlorethane (DDT) in the form of 5 per 
cent. dust applied at the rate of 1 cwt. per acre. 
(b) Hexachlorocyclohexane or benzene hexachloride (BHC) in the 


form of a dust with 0-26 per cent. active gamma-isomer applied at 
the rate of 1 cwt. per acre. 


(RemoT 


3. Sa. 


pey GRASSLAND. 
WET MARSHLAND 


Fic. 1. Plan of field experiment on control of J. ricinus at Rudbaxton, Pembs. 


No. O.S, 620 


(c) Basic slag in the form of a dust, go per cent. passing through a 
100-mesh sieve, with 13 per cent. phosphoric acid (12 per cent. 
phosphoric acid soluble in 2 per cent. citric acid) applied at the 
rate of 1 ton per acre. 

(d) Ground burnt limestone, 96 per cent. passing through a 100-mesh 
sieve, with 96 per cent. calcium oxide applied at the rate of 3 tons 
per acre. 


The basic slag and lime were distributed evenly over their respective 
plots by means of a manure-drill, whilst the DDT and BHC were 
= by hand-dusters. At the time of application of all these materials 
the weather was mild with a moderate breeze blowing from the west. The 
actual application of DDT and BHC dusts was carried out by the 
writers themselves to ensure uniformity of treatment. Two of the plots 
(4 and 4a) which had been pitchpoled and disk-harrowed, respectively, 
were not treated with any chemicals in order to find out if these two 
cultural operations had any effect on the tick population. 

_ It has been shown elsewhere [11] that in Wales the tick population 
increases rapidly in the late spring, attains its maximum in mid-May, and 
thereafter declines gradually to the third week in July; it then remains at 
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a low level until late August, rarely during this period exceeding two 
ticks per beast. Following this period of inactivity is a secondary peak 
that reaches its maximum in September; thereafter there is a gradual 
decline in numbers throughout October and November, following which 
very few ticks are recovered until the end of March. The autumnal peak 
is short and not nearly so marked as the primary one in spring, being 
about one-third its value. 

In view of the relatively small area of each plot for grazing by cattle, 
the tick-counts on the different plots both before and after treatment 
were made by the blanket method and not on cattle. Accordingly, the 
results are analysed and discussed on the basis of nymphal recovery, 
The method adopted for the recovery of the nymphs on the plots was 
similar to that employed by Milne [13]. The unit drag-length of the 
blanket was 45 yds., and each drag was made at least 5 yds. from the plot 
boundaries to minimize marginal influences. The mean values of 5 drags 
per plot made at any one time, together with the percentage recovery 
rate, were determined (Tables 1 and 2). For the first 2 years the per- 


t 
T 
t = mean value after treatment, 7 = mean value before treatment, 


f = seasonal change, calculated from the proportion of change in the 
controls (mean population of Plots 6 and 6a). 


centage recovery rate was worked out from the formula =, 100f, where 


Discussion of Results 


On June 10, 12 days after treatment, the plots (Table 2) dusted with 
DDT (Plots 1 and 34) irrespective of previous cultural treatment, gave 
a nymphal recovery of approximately 3 per cent. when compared with the 
controls; disk-harrow and BHC in combination less than 0-5 per cent. 
Plot 1a); lime after disk-harrowing or pitchpoling about 8 per cent. 
{Plots 2 and 2a); values for other treatments ranged from 22 to 64 per 
cent. (Table 2). 

Thirty days after treatment the plots (see Table 2) which had received 
pitchpoling and DDT (Plot 1), disk-harrowing and DDT (Plot 3a), 
7G sen Pe and BHC (Plot 1a), pitchpoling and lime (Plot 2), and 
disk-harrowing and lime (Plot 2a) yielded only about 1 per cent. of the 
nymphs found on the control plots (Plots 6 and 6a). The plot which was 
pitchpoled and dressed with BHC (Plot 3) gave a recovery of 3-16 per 
cent. Pitchpoling or disk-harrowing alone (Plots 4 and 4a), or either of 
them in combination with basic slag (Plots 5 and 5a), were less efficient 
than other treatments in reducing tick populations. 

Merely cutting the rushes and other tall herbage (Plot 7) gave no re- 
duction, the number of nymphs being in general higher than on the un- 
treated controls (Plots 6 and 6a). The writers have also observed this 
qualitatively on Margam Moors [11]. Cut herbage provides a more level 
surface, thus permitting a more intimate contact Saseun the herbage 
and the blanket during dragging operations. It is probable, therefore, 
that the ‘cut-rush’ ground (Plot 7) did yield a higher proportion of its 
active ticks than the control plots which were not mown. It is significant 
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wo that the populations on the control plots on June 10, 1945, were lower 
eak than those generally observed over the whole experimental area on 
ual May 29, 1945. ‘This phenomenon is in agreement with the activity curve 
ich expected, a fact previously established for the Rudbaxton area. 
eak The method adopted for obtaining the results and the details relating 
ing to the seasonal activity of the tick are extremely important in order to 
avoid unreliable and misleading deductions regarding the effect of the 
tle, various treatments. ‘There is in the locality a natural curve in the pre- 
ent valence of ticks from a negligible quantity in March to a peak in mid- 
the May, with a subsequent corresponding decline into July. Hence, if a 
ry. count is made of the number of ticks present after each drag, the 
vas natural decline in tick-incidence might be mistaken for the effectiveness 
the of treatment. This difficulty is minimized by frequent counts and by the 
lot use of a duplicated control. 
ags 
ery TABLE 2. Control of 1. ricinus on Grassland at Rudbaxton, Pembrokeshire. 
er Results in the First Year after Treatment 
ere Jymphal populations 
Before. treatment, 12 days after treatment | 30 days after treatment 
nt, Plot index and | | tf100 | | | tf100 
the treatment Mean S.D. | Mean S.D.| T | Mean S.D.|_ T 
1a. Disk-harrow+BHC | 33°6 | o2 | 0°46 | 0°45 ° ° | 
1. Pitchpole* + DDT - | 198 | 86 o8 | 028 | 2°31 | 0°59 078 
2a. Disk-harrow + lime | | 122 | 8:29 | 054 | 0°83 
2. Pitchpole+lime . | 16 | 7°92 | O59 | 
ith 3. Pitchpole+ BHC . | 17°0 9°97 570 | 1°58 | 22°41 | ogo | 3°16 
ave 3a. Disk-harrow+DDT | 13°4 6°04 06 | 0°73 | 3°42 059 | 
4a. Disk-harrow only. - | 14°8 4°94 | 11°6 | 1°82 | 59°8 40 | 10 10°38 
the 4. Pitchpole only. - | 183 | 4°99 | | 5°61 | 63°32 | | 8-84 
nt, sa. Disk-harrow + slag - | 15°0 | 8-60 | 10:2 | 192 | 51°88 | 4:0 | ro | 10°24 
5. Pitchpole+slag . | | 13°30 | | 6-43 | 32°26 48 | 2°64 | 7°49 
nt. 6. Control . | 5°77 | 184 | 4°34 98 1°92 
per 6a. Control, remote . - | 20°8 004 | 13°8 | 5°71 rie 6:4 | 3°04 
7. Cut-rush control . - | 170 | 9°97 | 178 12°4 | 
: * Pitchpole = pitchpole-harrow throughout. 
34); 
and The results obtained in the second year after treatment (1946), based 
the on blanket-drags made on each plot on 13 separate occasions between 
was March 3 and June 28, 1946, are given in Table 3 where it will be seen that 
per BHC (Plots 1a and 3), DDT (Plots 1 and 3a), and lime (Plots 2 and 2a) 
r of had been used with advantage. The total number of nymphs recovered 
ent from these 6 plots during the entire period of observation was only 11 
which, when compared with the figure for the control plots, shows a 
re- significant difference, even without a statistical test. There was also a 
un- reduction in nymph populations on the plots which were only pitchpoled 
this (Plot 4) or disk-harrowed (Plot 4a), and on those which received basic 
vel slag (Plots 5 and 5a) in addition to these cultural treatments. ‘The reduc- 
age tion on these 4 plots (Plots 4, 4a, 5, and 5a) was not as pronounced as on 
mre, the other 6 treated plots (Plots 1, 1a, 2, 2a, 3, and 3a). 
“its The results obtained in the third year after treatment (1947) are de- 


ant picted graphically in Fig. 2, which shows that there were marked increases 
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in the nymphal populations on the plots which had been pees cae 
(Plot 4) or disk-harrowed (Plot 44) only, and on those which received 
basic slag (Plots 5 and 5a) as well as these cultural treatments. The in- 
festations were still at a low level on the plots treated with heavy dress- 
ings of lime (Plots 2 and 2a) and those dusted either with DDT (Plots 1 
and 3a) or with BHC (Plots 1a and 3). A single tick was recorded on the 
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Fic. 2. Results in the 3rd and 4th year after treatments in field experiments on 
control of J. ricinus at Rudbaxton, Pembs. 


plot treated with DDT (Plot 3a), none on the plots dressed with BHC 
(Plot 1a) and DDT (Plot 1). 

The data for the fourth year after treatment (1948) are also shown in 
Fig. 2. The numbers of nymphs found on the plots which had received 
on e! surface cultivation (Plots 4 and 4a) and on those which, in addition, 
had been dressed with basic slag (Plots 5 and 5a) were essentially com- 
parable with the populations recovered from the control plots (Plots 6 
and 7). The plots treated with DDT (Plots 1 and 3a), BHC (Plots 1a and 
3), and lime (Plots 2 and 2a) still carried significantly low nymphal 
infestations, not a single nymph being recovered at any time in the 
season from one of the DD'T-dusted plots (Plot 3a). 
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It is clear from the results shown in Tables 1 and 2 and in Fig. 2 that 
although the cultural treatments by themselves, viz. drastic pitchpoling 
and disk-harrowing the surface of the land, proved promising in the 
initial stages, especially in the second season after treatment, they had no 
influence in the third and fourth years on the degree of infestation of the 

lots when compared with that found on the untreated controls. The 
initial effect of these cultural processes was to loosen the matted vegeta- 
tion and increase the aeration of the surface-layers of the soil. This in 
turn accelerated the decomposition of that ‘mat’ and encouraged, at 
least temporarily, the growth of better grasses from the agricultural 
standpoint. The matted turf is an accumulation of a mixture of unde- 
composed and partly decomposed herbage and root-fibres in varying 
proportions. Such a ‘mat’ is more prevalent on wet and acid soils in 
which the interruption of bacterial activity inhibits the decomposition 
of organic matter. No doubt pasture improvement affects tick popula- 
tions by reducing suitable cover for them and in turn influences the 
micro-climate to a varying degree, depending on the operations adopted. 
A very efficient method of sward improvement is necessary to effect a 
satisfactory alteration in the flora for the purpose of eliminating J. ricinus, 
and it involves the use of appropriate fertilizers as well as carrying out 
drainage operations wherever necessary. 

In the present investigation no attempt was made to correct the soil 
acidity except on Plots 2 and 2a, which received 3 tons per acre of ground 
burnt limestone. This heavy dressing was given not only to adjust the 
acidity of the soil but also to cause an immediate elimination of the 
matted vegetation. As a result, these plots were badly ‘puddled’ in 
the first season, but they greatly improved in subsequent years with the 
establishment of finer grasses and in turn in closer grazing by farm 
animals and reduction of tick infestation. In Milne’s [14] experiments 
burnt lime was used to improve the pasture, but he suggests that it may 
also have acted initially as an acaricide. 

The application of basic slag on Plots 5 and §a@ induced a luxuriant 
growth of wild white clover and finer grasses as well as a reduction in the 
number of ticks. These improvements were only temporary and a 
reversion to their original conditions occurred on the two plots in the 
third year, both in the nature of the sward and degree of infestation. 

Slight improvement of the pasture also took place on the plots dressed 
with DDT and BHC (Plots 1, 3a, 1a, and 3), due, no doubt, to the cultural 
treatments, i.e. pitchpoling and disk-harrowing, rather than to these two 
chemical substances. In the second season the original type of sward 
again became dominant on the four plots, and it would seem that DDT 
and BHC, in contrast with the other treatments included in the present 
investigation, had been effective in destroying the ticks by direct action. 

It is noteworthy that Smith and Gouck [15, 16], have also reported 
satisfactory results with DDT against ticks, including J. ricinus scapularis 
Say, when used as an insecticidal dust on infested vegetation. More 
recent work by Smith [17] has revealed that DDT and BHC do persist in 


soils for a remarkably long period: after 18 months from the time of 
application more than 95 per cent. of the DDT and 80-94 per cent. of 
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the BHC can be recovered. No more than traces of inorganic chlorides 
are released, as shown by chemical analyses of soils and leachings. No 
changes in pH have been detected and the counts made of soil bacteria 
suggest that neither of the acaricides is harmful to the bacterial popula- 
tion of treated soils. 

These aspects are very important when considering the control of 
I. ricinus in the field by chemical means. It would appear that the effect 
of rain is to wash DD'T and BHC dusts from the herbage downwards to 
the ‘mat vegetation’ beneath, where it forms a deposit or a layer over it 
and in the interstices. In this way their toxic action is exerted at the 
stage when the ticks, as newly emerged larvae and nymphs, are most 
vulnerable to attack. Despite the rapid reversion to the original vegeta- 
tion-cover that took place on the plots treated with DDT and BHC in the 
present experiments (Plots 1, 3a, 1a, and 3), it was undoubtedly advan- 
tageous to carry out a thorough surface cultivation by appropriate 
machinery before applying these acaricides so as to increase the effec- 
tive area of the micro-habitat exposed to the toxic influence of the 
dusts. 

Judging from our experience gained in these trials, it would seem that 
the problem of cme the tick on agricultural land is solved, where 
conditions permit, by adopting drastic surface cultivation in conjunction 
with the application of the acaricides DDT and BHC dusts. In this way 
an immediate and lasting extermination of the tick might be achieved, but 
hitherto no information regarding the minimum concentrations of the 
active principles in these chemical substances for this purpose is available. 
The results obtained in the present investigation suggest, however, that 
DDT and BHC dusts at 5 per cent. and 0-26 per cent. (gamma-isomer), 
respectively, are adequate. It must also be emphasized that no definite 
information is available as to the number of years that pastures treated 
in this manner with either DDT or BHC will remain free of I. ricinus 
when farm stock carrying ticks are allowed to enter and graze such land. 
No special precautions had been taken in the present experiments to 
prevent farm animals harbouring ticks from gaining access to the plots, 
and some indication of re-infestation on the DDT and BHC treated plots 
became apparent in the fourth year after treatment. 


Summary 


The control of the tick, Ixodes ricinus L. has recently received the 
attention of many workers, but their attempts have been largely con- 
centrated on applying acaricides to the infested hosts. In the present 
investigations comparative tests involving the treatment of land infested 
by this species were undertaken. Of the treatments tested, applications 
of DDT and BHC dusts proved highly effective in the eradication of the 
tick. Heavy dressings of ground burnt lime and phosphatic fertilizer in 
the form of basic slag, subsequent to cultural processes, also gave promis- 
ing results, probably by producing a micro-climatic environment un- 
suitable for the survival sl ae tick, but the reductions in the infestations 
effected by these substances were temporary, particularly in the case of 
the treatment embodying the use of basic slag. 
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SOME PRELIMINARY EXPERIMENTS WITH 
A SMALL-SCALE SILO ‘TOWER 


A. J. G. BARNETT anp T. B. MILLER 


(Division of Agricultural Biochemistry, Department of Biological Chemistry, 
University of Aberdeen) 


EarLy work in these laboratories on problems relating to the digestibility 
of silage soon convinced the authors that where comparative results are 
needed the use of small-scale towers is essential. Their disadvantages 
are less than those of full-scale silos, among which may be mentioned 
cost, in terms of material and labour, error, as a result of the unskilled 
man-power required, and the difficulty of relating the method of 
sampling to the varying conditions inside the silo. ‘The ideal size of an 
experimental silo, therefore, would hold sufficient material, and no more, 
to reproduce the effects observable in a full-scale silo, and at the same 
time provide enough silage for all laboratory purposes. The use of 
small-scale silos is, of course, no new idea and silage has been made 
experimentally in silos ranging in size from test-tubes and milk-bottles 
to pits and towers holding a ton or more of material [1, 2, 3]. 


The Experimental Tower 


The tower eventually used in these experiments held about 5-7 cwt. 
of raw material (Fig. 1). It consists essentially of a concrete sewer pipe, 
6 ft. high and of 3 ft. internal diameter, resting on, and cemented to, a 
concrete base 4 ft. square and 6 in. thick. An iron pipe ? in. in diameter 
is set into the base in such fashion that one end is flush with the bottom 
of a central saucer-shaped depression in the base, whilst the other end 
protrudes some 6 in. from the side of the base. A grating made of brass, 
drilled with 3-inch diameter holes, is fitted into the rim of the depres- 
sion in the base and the whole floor of the tower is covered with granite 
chips to a depth of 2 in. 

The lid of the tower is a close-fitting concrete slab 2 ft. 11} in. in 
diameter and 6 in. thick, the whole weighing about 43 cwt. The lid 
carries a hook, centrally placed, in order that it may be lowered or raised 
on a small gantry. The gantry, made of iron piping, is set in a metal 
socket in the outer part of the base of the tower, and for further rigidity 
is held by an iron strap round the top of the tower. The gantry can be 
removed as required from the socket, and as each tower is fitted with a 
similar socket, only one gantry is required for several towers. The hook 
on the gantry which bears the hoist is so placed that it is immediatel 
above the hook let into the lid of the silo. The effective weight of the lid 
can be increased by placing on top of it concrete blocks each weighing 
56 lb.; in the comparative experiments so far carried out, a weight 
increase of 2} cwt. produced neither a quicker nor an ultimately greater 
compression effect. For greater convenience the inside of the tower was 
marked with a vertical scale in feet and inches. 

{Empire Journ. of Exper. Agric., Vol. 18, No. 70, 1950.] 
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Modus operandi.—In one of the experiments designed to study the 
flow of effluent we used a young succulent clover-grass mixture cut after 
a night of rain. The crop was chopped and blown into the tower, but 
the blower was stopped at intervals in order that the mixture could be 
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Fic. 1. The experimental tower. 


adequately tramped for every foot increase in depth of the material. 
Care was taken to ensure that the operator responsible for the tramping 
entered the tower only after wrapping clean sacking round his boots. 
During these intervals handfuls of the chopped material were laid aside 
in biscuit tins and over the whole operation six biscuit tins were filled 
with the crop. The contents of all the tins were thoroughly mixed and 
from this mixture one tinful was taken and used for analysis. To deter- 
mine the weight of material ensiled, the vehicle used for the transport 
of the crop was weighed before and after the filling operation. 
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Two layers of sisalkraft paper were placed in position over the chopped 
material, when its level was 7 in. from the top of the tower, and on top 
of the paper were placed three sacks the edges of which completely 

rotected the ensiled material. ‘The lid was then lowered into position 
and sacking placed over it to absorb any rain that might fall. The sack- 
ing was held in position by stones and was subsequently changed when- 
ever heavy rain had fallen. There was little evidence of any rain getting 
into the mass of silage. 


Experimental 


Collection and treatment of effluent samples—A simple device was used 
for this purpose. A piece of glass tubing was fitted into a rubber stopper 
at one end and at the other was a piece of rubber tubing about 8 in. 
long. The cork was fitted tightly into the effluent pipe and wired on to 
the pipe itself, whilst the open end of the rubber tubing was corked. 
The tubing was in its turn wired on to the cork and at its other end on 
to the glass tube. A slit 1 in. long was then made in the rubber tubing 
just above the cork, and the end of the corked tube was placed in a 
Winchester bottle set in a hole dug at the side of the tower. 

For the first few 24-hr. periods the volume of effluent was measured at 
frequent intervals and from the average of the results the flow for every 
24-hr. period was calculated. When the initial heavy flow had ceased 
the material was allowed to collect in the Winchester for 24 hrs., and 
as the flow still further decreased readings were taken at intervals of a 
few days at a time. By intrapolation the estimated flow during these 
intervals was arrived at. 

A sample of the collected material was evaporated to dryness on the 
water-bath after the addition of a few drops of concentrated hydro- 
chloric acid. The residue so obtained was heated in the steam-oven for 
2 hrs., cooled in a desiccator, and weighed. From the results the daily 
loss in dry matter was computed. The nitrogen in the dry matter was 
determined by Kjeldahl’s method and again the daily loss was deter- 
mined. The early samples of dry matter were difficult to deal with as 
they were very hygroscopic, but they became less so after about 13 days. 
An unexpected feature of the nitrogen loss was that it tended to increase 
steadily during the period of examination, whilst the dry-matter loss 
per litre varied between fairly narrow limits (Fig. 2). 

After the initial rush, due to fermentation and high compression of 
the wet mass, had ceased, the flow of effluent followed the night- 
temperature curve—a factor which of course would not have been as 
noticeable in full-scale towers, but in that case spells of either cold or 
warm nights would doubtless produce a similar, if delayed, effect 
(Fig. 3). Throughout the whole period of flow the pH of the effluent 
varied between the limits 5-08 and 5-73, the average being 5:26. The 
a aed of this figure is that the average pH of the derived silage was 
only 4°49. 

At the end of 45 days, the flow from the tower had ceased and the lid 
was removed. A cold fermentation had taken place and the mass was 
extremely compact, of pleasant odour, of olive-green colour, and occupied 
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Fic. 2. Losses of dry matter and nitrogen during 45 days. 


a 
o—— Min. Temp. (Craibstone) 
2L 60% Flow (in litres) 
IL 504 


" 16 21 2 36 41 45 


6 3) 
DAYS 
Fic. 3. Night temperatures and flow of effluent during 45 days. 


hi 
< 
Ww 
n 
( 
( 
4 


EXPERIMENTS WITH A SMALL-SCALE SILO TOWER 133 


half the volume of the original crop. Samples were taken according to 
the plan indicated in Fig. 4 (a and 6). The six samples from the sides 
were mixed in pairs according to the layers from which they had been 
taken whilst the three middle ones were examined separately. 

The tower was emptied and the silage was weighed along with the 
material set aside for analysis. The following analyses were carried out: 
(1) pH of wet material; (2) nitrogen-content of wet material (Kjeldahl); 
(3) dry-matter content—samples were dried at 82°C. for 24 hours; 
(4) nitrogen-content of dry matter (Kjeldahl). 


(a) 


GRANITE CHIPS 


Fic. 4. Sampling plan. 


Results 
The following data are representative of the average results obtained. 


Original weight of grass-clover mixture 
Weight of siiage 
Dry-matter content of original crop . 


14 cwt. 3 qrs. (750 kg.) 
10 cwt. 6 lb. (511-2 kg.) 
13°04 per cent. (97°8 kg.) 


il 


Average dry-matter content of silage = (75°7 kg.) 
Total volume of effluent collected = 94°9 litres 

.. Approximate weight of effluent water = 94°9 kg. 

Total dry matter in effluent = 46 ke. 

Nitrogen in original crop (dried) = 3°79 per cent. 

Average nitrogen in silage (dried) 3°68 i 


Average nitrogen in silage (wet) 


4°19 ” 
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A. Recovery of material 


Original weight of wet crop. ‘ ‘ = 750 kg. 
Final weight . = gri-2 kg. 8 
Approximate weight of effluent water - = 949 kg. I 
Dry matter in effluent . = 46 kg. e 
Recovery ? ‘ ‘ ‘ ; ‘ = 81-4 per cent. 


B. Recovery of dry matter 


Dry matter in original crop = kg. 
Dry matter in silage = 75°7 kg. 
Dry matter in effluent = 4°6 kg. 

Total 80-3 kg. 


Recovery of dry matter 82:1 per cent. 


C. Recovery of nitrogen 


Total nitrogen-content of original dry } 
matter = 3-70 ke. 
Total nitrogen-content of silage dry matter = 2°79 kg. 


Total nitrogen lost in effluent . : o-19 kg. 
Nitrogen lost by volatilization in drying 
process (12 per cent.) . = 0°38 kg. 
Total nitrogen accounted for : } = 3°36 kg. 
Recovery of nitrogen ; : = per cent. 


The relationship between the average dry-matter contents, the nitro- 
gen-contents, and the pH for the three different layers, and for the sides 
and middle of the tower are set out below. 

Average dry matter 
1st layer 14°65 per cent. Average pH 4:47 


2nd layer 15°03 4°49 
3rd layer 14°77 ” ” » 4°52 
Sides 14°75 ” » $51 
Middle 14°88 ” ” ” 4°48 


Average nitrogen 
1st layer 3°82 per cent. 
2nd layer 3°56 mr 
3rd layer 3°67 
Sides 3°79, 
Middle 3:60 


These quantitative results show that: 


1. The dry-matter content is greatest towards the centre of the 
mass. 

2. The nitrogen-content is least towards the centre of the mass. 

3. The pH increases from the centre to the side and from the top to 
the bottom. 

4. For an increase in nitrogen-content there is a decrease in dry- 
matter content. 
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The results in (3) above differ from those obtained by Watson [4] in 
a larger silo; he found a fall in pH from the top to the bottom of the 
silage mass. However, the results of a study of the pH and the dry- 
matter content in the silage from a large _ in this area show that the 
experimental tower results are reproduced. 


pH Dry-matter content 
Top . ‘ 3°48 17°15 per cent. 
Bottom : : 3°32 16°17 


Reproducible nature of results—A second tower was filled with the 
same weight of material at the same time as the first and the analyses to 
which the effluent and contents therefrom were submitted gave no sub- 
stantial variation in the results; these are briefly summarized below. 
Tower : refers to the container from which the foregoing results were 
obtained. 


Average D.M. Average 
of silage nitrogen-content 
Tower 1 i . 14°81 per cent. 3°68 per cent. 
Volume of Total D.M. 
Average pH effluent in effluent 
Tower 1 4°49 94°91 litres 4°6 kg. 
Total nitrogen 
in effluent 
Tower 1 ; org kg. 
Tower 2 o20 kg. 
Discussion 


As the initial crop was rich in clover, under normal conditions either 
molasses or acid would have been added. For reasons connected with the 
study of the dry matter in the effluent neither of these additions was 
made. The pH of the silage was therefore rather high, but not unduly so, 
and the silage itself was obviously of good quality, which indicates the 
advantages of keeping the mass at a moderate temperature, highly 
compressed, and watertight in so far as extraneous rain is concerned. 
Moreover, the adequate arrangements for the removal of the effluent 
contributed to the success of the ensilage. Although, as will be seen 
from Fig. 4 (a and 5), the 2 in. round the top, bottom, and sides were 
not used in the sampling, this was a concession to sampling practice 
rather than to necessity as no sign of spoilage was noticed. 

The loss of dry matter and nitrogen in the effluent amounted only to 
4°7 and 5-1 per cent., figures based respectively on the original contents 
of dry matter and nitrogen of the crop. It is obvious when the moisture 
of the original material and the high degree of compression used in the 
process are taken into account, that the loss of nutrients through the 
effluent are, in fact, surprisingly small. The figures are somewhat 
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similar to those of Spildo [5] who, using a clover-grass mixture under 
the A.I.V. process, found that the dry-matter and nitrogen losses in the 
effluent amounted to 5-6 and 4:4 per cent. respectively. On the other 
hand, Woodman and Amos [6], stressing the effects of the extra drainage 
from young and succulent crops, observed losses of 3-5 per cent. of dry 
matter and 8-o-9-0 per cent. of nitrogen. 

The losses associated with the process were, however, more serious, 
the total dry-matter recovery from the experiment was only 82:1 per 
cent. of the original dry matter in the crop. Similarly, the recovery of 
total material after ensilage was only 81-4 per cent., even when the 
effluent losses were taken into account. These figures do not include 
corrections for volatile acids, which were not estimated, but such 
inclusion would make little difference. 


Summary 


1. A new type of miniature experimental silo is described and its 
method of use explained. 

2. Using a well-chopped clover-grass mixture, untreated with acid or 
molasses, losses of dry matter and nitrogen were found to be comparatively 
small. 

3. Recovery figures for total material and dry matter, after taking into 
account the effluent losses, were more severe. 

4. The experiments show that some of the effects observable in full- 
scale towers may be adequately reproduced in a small experimental 
tower; also that the smaller amounts of material used permit of a closer 
control of the process and of uniformity of composition of the starting 
material. 
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